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TvB following work> designed Smt llie use of schools and 
ucademieS) enbraces those ponioas of physical scitenoo 
usvally preseated ia elementary woi4s under the tiile joi 
NtUural Pkiiogopkf^ including also a treatise on Astronomy. It 
does not pretend to be an entirely original work, though many 
of the iUustrations and observations are the residts of the 
author's own experiments, and so far as he is aware, are not 
to be found in any of the elementary books. The general 
plan of the work is that of Blair's PkHasophf — a work whick 
2^ has been repeatedly published in this coimtry, and adbrded 
f Q^ the matter for numerous other works purporting to be treatises 
S» on ihe same eufa^ect, without , any acknowledgment of the 
sources fVom whence the compUets reeeired their matter. 
It has been the design of ffie author to preserve the pUm 
^ of Mr. Blair, to omit such of his propositions as are anti>> 
^'^ quated, and to bring the work down to the present state of the 
^ science. In order to do this properly, it was necessary, not 
^ only to add much to the matter, but also to illustrate the dif- 
O ferent subjects with a greater variety of engravings ; and in the 
latter particular, the author is happy to state, the publishers have 
spared no expense. From the length of time that many of the 
principles and propositions herein contained, have been known 
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it would be almost impossible to trace them to their proper 
sources ; it is therefore deemed sufficient to say, that they 
have been collected from all the popular works on the subject, 
and put into such form as to be intelligible, and it is hoped 
interesting, to those for whom it was designed. 

The treatise on Astronomy is mostly from Smithes edition 
of Blair, a treatise highly creditable to Mr. Smith, and one 
which it was found impracticable to present in a more con* 
cise form.* Some parts of it, however, were considered too 
scientific for the purposes for which it was designed, and ac* 
cordingly, such portions have been removed, and their places 
supplied with other and more popular matter. 

The merits of the present work are, that it contains a larger 
mnount of matter in the same space than is found in most of 
the works designed for the same purpose. The principles 
and propositions being put in a large, and the illustrations and 
observations in a smaller type, tend to keep each department 
distinct, and thus prevent confusion in the mind of the learner. 
A great number and variety of illustrations have been added, 
and questions arranged at the bottom of the page, correspond* 
ing to the propositions : and while the language is sufficiently 
scientific for accuracy, the author trusts it is sufficienUy plain 
and popul^ to be understood by all. 

— II m l I I 111 I I I I , 

* An arran^emeiit was made with the owners of the copyright of Smith's 
edition of Blair, to make such use of it as the author deemed proper. 
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9 OntSRAL PBOPERTtES OF UATTEM. 

« 

Z Logs of wood floatixig in apond of water approach each odier, and ate> 
ward remain in contact. 

3. The wreck of aship, in a unooth sea after a storm, is often seen gatfascsd 
into heaps. 

X. There are five kinds of attraction : Gravitation, 
Cohesion, Capillary, Electrical, and Chemical 
Attraction. 

XI. The attraction of gravitation is that by which 
bodies, at sensible distances, tend to approach each other. 

BhtstraHon 1. Thus the moon draws up the waters of the ocean to form 
tides; the sun and earth are attracted towards each other; and a heavy 
body dropped from a height fedls to the surface of the earth. 

2. Every particle of matter in the universe is attracted to every other par- 
ticle. In the solar system, all the planets gravitate towards the sun, and by 
his attraction are retained in their orbits in the same manner that a boy 
retains a stone in a sling while giving it a whirling motion, before he throws 
it at a distant_ol]ject 

XII. By gravity, all terrestrial bo 
dies tend towards the centre of the 
earth ; and in all places equally dis 
tanl from that point, the force of grav- 
ity must be equal. 

Miiatration. This may be illustrated by the 
accompanying diagram. E £ being a portion ol 
the earth's surface, and D its centre ; the bodies 
A B & C, when allowed to drop, will fiedl in the di 
lection of AD, BD, & CD. 

XIII. The mutual attraction of any two bodies for each 
other is in proportion to the quantity of matter they contain 

JBhutraHon, If any body A attract another body B with a force of fivt 
pounds^ a body weighing double that of A would attract B with a force of 
ten pounds. This law supposes the distance in each case to be the same. 

XIV. The attraction of gravitation between any two 
bodies increases as the square of the distance decreases, 
and decreases as the square of the distance increases. 

MhuiraHon 1. Thus : if two bodies, placed 4 feet apart, be attracted 
with the iorce of 1 pound, at the distance of 2 feet lixe attraction will be 4 
pounds, or the square* of 2^ which is the distance. 

* The square of any number is the product obtained by multiplying that number 
Into itself. Thus : 2 multiplied into itself, or by itself is 4 ; 4 multiplied by 4 is 16 : 
h ence, 4 is the square of 2, and 16 is the square of 4. 

What is the second 1 What is the third 1 X. How many kinds of attraction ars 
there 1 XL Define the attraction of gravitation. What is the first illustration 1 What 
is the SAcondl XII. What is the law of terrestrial bodies 1 Illustrate by the dia> 
fnuB. Xm. What is the law of attraction as to matter 1 How illustrated. XTV. 
What law as to distance 1 Give the first illustration. 




OEltEKAL PROPBRTIES or M 



XV. The altraclion of gravitation can be proved by 
experioaeot. 

Obtavationi. ThialiiBl occurred to some French phlaaapherH, who won 
■entoat to make some experimenlB on poinl Chimborazo, in South America. 
These gentlemen observed, (hat a heavy vreighl atlached lo a ione lino 
and suspended from the perpendicular side of the mountain, was £awn 
bom the petpeadiculBr towards the mountain. 
2. The phenomena obaerved by (he French philoMpheiBj gave rue 
"' ' to much diBcuaHoo BmongBt men 
of science, in difletem countries ; and 
it was thought deanble to aeuie the 
matter by an experiment, made ex- 
presalyforlhe purpoee - ■" ' 



, . . , "li acconi- 

uigly, George III. sent Dr. Haake- 

'~'n^ the Astronomer Royal, to 

illand, in 1772, lo make similar 

on tlie north and south 

ihBllien, A bigh and solid 

PerthBhire. The plumb- 

ime was lound to deviate ftoffl the 

perpendicular, seven seconds, lo- 

wuds the side of the mounlam, as 

ji the wood-rait, Fig. 4. 

3. This eq>eTiment proves ibe inierencea of preceding observers, and the 
universality of the graviialing power. 

4. The mfluence of general gravitation waa also eiperimentslly demon- 
- Mrated in a different manner, by Mr. Henry Cavendish, in I78& 

Fi£. 6. Two small metallic balla, C aoil D, 

e fixed at the opposite ends of a 
/ light deal rod, which was hus^ 
)1 pendedlioriiontally. atits centre E, by 
Q i^,^-" '^t' a fine wire. This arm, after OBCiliuling 

some time horizontally by the twisting 
and untwisting of the wire, came to rest in a certain poaiiion. Two great 
spherical masses, or globes of lead, A and B, were then brought into such a 
position, that the attraciion of either globe would turn (he rod C D on its 
centre E, ir> the same direction. By observing the extent of the space' 
through which the and of the rod moved, and the times of the osdllattons 
when the Elobee were withdrawn, Ihe proportion was diecov«Hl between 
thecfTeci of the elasticity of the wire, and the gravitation of the balla towards 




as depending on the density of the attracting body. 

XVI. The force of gravity is less at the equator than 
it is at the poles, because the equatorial diameter is several 

The Mtond. XV. Hqwwm Ibe mltrHClionof gravitilion proved hj eipcrlmenO 
niiat were ILie phenoDieni obitlved b; Ihe French phllasonlierBl wiiU wu (be 
dlwHUJOD. and wlial eiperlmenl la jetOe it roUowdl WfiU i^dMaakelroo'i »■ 



miles longer than tke polar diameter, and because the 
svring, or centrifugal force of the esjth at the eqaator 
diniinishes the frravitT. 

OUertatiom. Hence; m pewMmn whidi, in the lalxtode of London^ must 
be 39LU inches in lengtli metder to vinrnie secondly leqoine to be .13 mcfaes 
•boner, or but 3S.01 inchoi to patagm its limiians in the mbb tine at the 
•qjoetor. 

XYII. The force of gravity is greatest at the earth's 
surface, from whence it decreases upward and down- 
ward. It decreases upward as the square of the distance 
from the centre, and downward simply as the distance. 

ObcdTo/um I. The vowtr oC gnTiteiion is gicateBt at the amfiioe of tbe 
earth, from whence it d icteaaea lx»th opward and dumu wa rd; bat not in the 



aame prapomon. The fbroe ofjT*T^'' m p w ar d, decmaes as the mare of 



A« diMamce from the eentie. Tnw law waa rnJaJned in Pkop. .»^ . ~ ».» 
maT be frrthcr ilhutratcd. dras : — Graritj, at the smfreeof die earth, whicfa 
ia aboat 4000 miles from the c«nuev » four times move pu i waM than it would 
be at doable the distance, or 6000 miles from thecentre^ Giavitf aijd weight 
ma J be taken, in particular circomstaneei^ aa syaonymoos tennsL We ss}^, 
a piece of lead we«hs a poond or ali l e e tt ounoeiL bat if b^ any means it 
ecmld be carried 4000 nuloB shore the anftee of the earth, it would weigh 
only 1-4 of a poand, or foor oonoes : and if it ooold be trannorted to QOOO 
miles abore the earth, whidi is three times the distance from the centre that 
the sarface is, it woald we^ only l-9th of a poand, or something less than 
two ounces. 

2. It is demonstrated, that the force of grarity downward decreases, as 
the distance from the euifMa increases, so that at one half the distance firom 
the sorfice to the centre, the same weight, already described, would weigh 
only 1-2 a pound, and so on. 

Thns, a piece of metal, Ac:, we^^iing on the sm&ce of the earth, one 
poond, wfll, 

{The centre, weigh ... 

1000 milea from the centre^ 1-4 poond. 

2000 « «... 1-2 

3000 « « . . . W 

4000 (atdiejaifiu»,) 1 

XVni. Cohesion is the name of that attraction by 

which the particles of bodies are kept together. It acts 

upon the particles oidy whfle at insensible distances from 

each other, preserves the forms of bodies, and prevents 

them from falling to pieces. 

ObMervaHan. It is highly probable, that what is called the attraction of 
cohesion and gravitation, may arise from one and the same cause; and 
coold we examine bodies, and ascertain the relative distances of thdr atoms 
from esch other, with the same facility as we can difierent bodiea ihemsdves, 

XVn. How does fwvtty inereue and decrease, from die aurfcce of the earth 1 
9^w Is ft rUnstratedl What ts taiil of the force of pcsTity dowi^vardl XVUl I>e 
ioa e^meilon. What Is the obstrration 7 
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we Bhould probably find the same law of attraction as in gravitation, ni 
Uiat ir decreases as the square of the distance increases. 

MualrcUion 1. The most familiar and simple method of illnstratine cobe- 
non, consists in preparing two flat surfaces of lead, as two leaden bulletin 
and if the surfaces, fresh and clean, be brought together with a twisting 
motion, thev will adhere with a considerable force. 

2. Two globules of mercury, being placed near each other, will run to- 
geiher and become one large drop — a union, which can arise only from their 
stronff attraction. Drops of water will unite in the same manner. 

3. Fresh-cut surfaces of Indian-rubber will unite in the same way; and, 
in consequence, we are enabled to apply this material to various useml pur- 
poses, such as air-tight tubes, by cutting off the edges of a thin strip of the 
rubber with a pair of scissors, and uniting the cut surfaces with a slight 
pressure. 

4. Two pieces of perfectljr smooth plate slass, or marble, laid upon each 
other, will adhere with considerable force, which will be much increased by 
moistening their surfoce with a Uttlc oil or water. 

XIX. It is owing to the different degrees of cohesion 
in bodies, that some are hard, others soft ; that some are 
in a solid, and others in a fluid state. 

lUvstrcUion 1. It is by virtDe of this attraction that solid bodies inaintain 
their figure, and are prevented from falling to pieces by their own weight. 

2. In all those bodies, called hard, strong, and brittle, the intensity of the 
cohesive force is very great ; but the sphere of its influence seems to be very 
limited. Such bodies are incapable of being extended or stretched, in a per- 
ceptible degree, and require great force to break or tear them asunder — such 
ifl cast iron, certain stones, as the diamond, sapphu'e, &c. 

3. In some bodies the cohesive force is weak, but the sphere of its action 
considerable. This property allows the particles to move slightly on each 
other, by the application of force; and when the force is withdrawn, the par- 
tides will return to their original position. Such is the case with all those 
bodies called elastic, as Inoian-mbber, and all solids of a soft and viscid 
nature. 

XX. If bodies be in the liquid form, the weight of their 
particles exceeds their mutual attraction ; and if they be 
not confined, as by the bottoms and sides of vessels, they 
will be scattered by their own weight. 

Obaervaiien, The particles of a solid body, placed in a vessel, have tha 
same tendency, by reason of their weight ; but their cohesi?e attraction pre- 
f^flKDinating, prevents such an efl^t 

XXI. When the particles of a liquid are left to arrange 
themselves according to the laws of attraction, they assimie 
a spherical shape. 

What is the first illuatrationl What illustration with quicksilver 1 What illus- 
tration with Indian rubber ) What with glass 1 What is said of the defrrees of 
cohesion 1 What is the first illustration of tlie proposition 1 In bodies, hard, strnm^ 
and brittle, wliat is the cohesive force 1 How is cohesion in elastic bodies 1 XX. 
What is the cohesion in liquids 1 What is the observation 7 .XXI. What effect have 
fbe laws of attraction on liquids 7 
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llhtifroHon. Thna^ drops of water thrown on o3ed alk or paptf, and on 

i\\fi U'.nvcM of many vegetables, as the cabbage, will roll about, taking s 
({lubulur form.. Water tallins in drops from the eves of the hoiuie^ and melt- 
ed nieial poured from a height, are mstanccs of the same law. It is in this 
manner that leaden slioi arc made : the liquid metal is made to fnll Uke ram. 
from Q irrcat elevation. In its descent, the drops become truly globular, and 
before they reach the end of their fail, they are hardened, by cooUnff, so that 
they retain their shape. It is, doubtless, owing to the same cohesiye power, 
that the heavenly bodies have assumed the spherical form, a necessary rsBult 
from an originally liquid slate. 

XXII. Coh.esive attraction is remarkably exhibited 
between n solid and a liquid, as illustrated in the following 

instances : — 

Jllualralion 1. A flat piece of glass, balanced at one end of a acale^ and 
allowed to conic in contact with the surface of water, will adhere to the 
liquid with coiiHidcrablc force. 

2. In pouring water from a vessel, as a mug, it does not fiill at once per- 
pendicularly, but is inclined to run down the sides of the vessel, and espe- 
cially if it be moistened, in consequence of its attraction between this and the 
Uquid ; and hence the difiiculty in pouring from a vessel that has not a pro- 
ieciiug lid. 

3. The particles of water cohere so much among themselves, that delicate 
sewing needles, when carefully placed upon the Uquid, will float ; the weight 
of the needle not being sufficient to overcome the cohesion of the water. 
This illustration was formerly given as an instance of repulsion between ths 
liquid and the solid. 

4. On the same pnnciple, some insects are comparatively so light; that 
they can walk on the surface of water without being wetted. 

XXIII. It is chiefly owinff to the different degrees of 
the attraction of cohesion in different liquids, that causes 
them to pour in different-sized drops. 

JlluatratUm. Sixty drops of water will fill the same measure as one hon- 
dred drops of laudanum, or one hundred and fifty drops of ether. 

XXIV. Attraction exists Between some liquids and 
solids, but not between others. 

JUustration- Thus, quicksilver has no attraction for a glass rod ; but if 
a strip of clean metal, as copper, silver, or gold, be plunged into that liquid, 
when it is withdrawn, it wiu be coated with the liquid. 

XXV. .When the attraction exists between a liquid and 
the interior of a solid, which is tubular or porous, it is 
called capillary attraction. 

Uli^tration I. Instances of this are innumerable. liiquids are thus draw 



Give the IHustralion of this law. XXII. What remark of solids and liquids, as to 
attraction 1 Give the first illustration. What is said of pouring water from a mag ? 
What remark illustrated bjr a sewing needle, and what was the former explanation 1 
What remarks on insects f XXIII. What is the remark on the relative size of the 
dnps of liquids? What is the illustration 1 XXIV. What is the 24t)i proposition, and 
now Is It lUastrated 1 XXV. Define capillary attraction. What is the first illustration* 
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into the pores of fiponge, sugar, latfip-wick, &o. Water put into the saucer 
of a flower-pot, is arawn up by capillary attraction, into the earth contained 
in the vessel 

Fig. 6. 2. When an open glass tube is 

partly immersed in water, the 

liquia within the tube rests at a 

p. higher level than that on the out- 

. j__l^ side; and the difference of level is 

* ^ greater the smaller the bore of the 

tube. 

Experiment 1. Take a number 
of small glass tubes, of diflerent- 
flized bore, and passing them 
through a tnin strip of wood, place 
it across a tumbler of coloured 
water, allowing all the tubes to be 
immersed as seen in the wood cut, 
the liquia will rise to different 
heights in the several tubes, but 
the highest in the tubes having the 
smaUest bore, because the attrac- 
tion is in proportion to the quan- 
tity of surfiice exposed ; and the small bore affords comparatively more sur- 
face than the large. 




Fig. 7. 




2. Take two pieces of glassy five or six inches 
square, join any two of their sides, and separate 
the opposite sides with a small piece of stick, so 
that the surface may form a small angle ; tnen 
immerse them about an inch deep in a basin of 
coloured waten and the water will rise between 
the glasses and form a beautifiil curve, called a 
hyperbokt. See the wood-cut 



3. A mass of cotton lamp-wick, or thread, with one end plunged into a 
wine-dass of water, and the other hanging over the edge, will empty the 
vesseiin the same manner as a S3rphon would. A towel will empty a oasin 
of water in the same manner. 

4. Dry wedges of wood, driven into a groove formed round a pillar of stone, 
on oeing moistened, will so expand as to force the rock asunder in a line 
with the row of wedges. In this way mill-stones are often split out from the 
quarry. 

5. A weight beine suspended by a dry rope, will be drawn upward with 
ffreat force, by simply moistening the rope with water. The moisture inv- 
bibed by capillary attraction, into the substance of the rope, causes it to be 
shorter. 

At one tima it was considered that the sap of trees ascended from the 
roots by capillary attraction ; but it is now considered an action peculiar to 
vegetable life. 

XXVI. Electrical attraction, is that which is exhibited 



What Is the Becond 7 What is the first experiment 1 What is the second experl 
ment 1 What is the third 7 Fourth 1 Fifth 1 What is said of capillary attraction in 
a rope, and what of the ascent of sap in trees 7 XXVI. Define electrical attractioQ. 
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on rubbing a dry glasi tube with a dry lilk handkerchief^ 
by ivhich tho tube becomes capable of attracting light 
bodicH, Huch an sniall [)ieccH of down, paper, &c. 

Ob»ervatUm. Magrutie aitractlon^ by whi(!h power the lpftdftonoattriet& 
and lift! fragiiionts of iron or ■tucl, is m)w conifidtired only a roodifloation of 
electrical attractioi), and will bo treated of under that lubject. 

XXVIl. Chemical attraction, or affinity^ ii that which 
unites the particles of two or more cHstinct substances to 
form one compound. 

lUutiraHon. Thus we combine zino and copper to form brass i oil of Titriol 
and lime, to Ibrm plaster of PariH ; and oil ot vitriol and iron rust, to fbrm 
copperas. 

Observation, There are about flfty- three or fifty-four substances in naturae 
which, in the present state of science, are recof(nised as distinct from each 
other, and are Kern denominated diilurent kinds of nintter. Thus, metallie 
tin and silver resemble each other in a|)pearance, but, chemically consideredt 
they difTar m widely as quicksilver and water; while the diamond and puis 
charcoal, substances so pcrfoctly unalike in appearance, are chemically ooi 
and the same. 



PARTICULAR PROPERTIKS OF BODISS. 

ObtirvaHon. Havmg described most of tho properties oommon to all 
bodies, together with a lew modifications which seem somewhat peculiar, as 
magnetic and electrical attraction i wo have now to notice a few jiroperties 
which, though possessed in a measure by most bodies, predominate in sonM, 
and almost or entirely disappear in others, such are— 

XXVIII. Porosity, density, hanhiesBy elasticity, brittle- 
ness, malleability, ductility, pliability, and tenacity. 

ObtervcUUm. It is well known that all bodies, when healed, expand or 
become larger, and. in cooUng, contract or become smaller i hencis, the paiv 
tides of which bodies are composed, are forced farther asunder in the first 
instance, and brought nearer toffether in the second. K therefore, we oan 
reduce the temperature of any body, however low it may no at the tinm the 
body will contract—thereby provina that the partidcs w(;ro not originaliT in 
contact. If we continue to roduc«i the temperature, the bulk will diminish in 
the same proportion i and hence we conclude, that the particles of bodies are 
never in contact, and consequently all bodies are, more or less, porous. 

XXIX. Denhity is a term used to express tho relative 

3uantity of particles in a ^iven space ; and Porosity^ the 
istanccH ot those particles from each other. 

What li Mid of maKnfttic attractUni 1 XXVIl. Dnflne cliAinicil sttraction. Oks 
t)ia illiutnition. What In ths oh«»<rvaUon t»\ tht^ vnrlAllAd of matter 1 What Is the 
obMorvalUm on parllcuUr nropnrUnM of bodlDNl XXVIII. WtuU ir# Oie nm^t^u. ^ 
propftrtlfii of bodieil What Is the obssnrstloii on eJipanskfU and cwtn^Jk • 
XXIX. Df flns density and pevosliy. 
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XXX. Density is rery different in different bodiei. 

BludraHon. A cubks ineh of lead is 40 times heavier than the lamalmlk 
•f oork t and quiokiilver 14 times heavier than an equal bulk of water. 

XXXI. Tho density of bodies depends on two circum- 
stances } .1st. The size or weight ot the particles. 2d. On 
tlie distances of the particles £om each other. 

JUtutraiUm. Lead is heavier than the same bulk of iron, and lighter than 
that of gold. Hence, it is supposed, that the particles are heavier in tho gold 
and Ughttr m the iron. 

XXXII. Since the particles of bodies can be brought 
nearer together by cold, and the same is also true of 
pressure, they are never in actual contact ; therefore, all 
Dodies are porous. 

ObtervaUon, In some cases, tho poros are visible to the naked eve t and 
in many more) they become so by moans of the microscope } ana, in all 
aaaes, they oan be proved to exist by some means. 

iluttration 1. When water freezes, the crystalline needles, or plates of 
ic& cross each other, and thus form small vacant spaces or pores. 

2. Bone is nothing but a tissue or network of bony mnttor; as little solid 
as a heap of paclcing-boxos. Tho pores are generally filled with oily matter. 

3. Wood is acongeiidrf of parallel tubes, like bundles of organ-pipes. 

XXXIII. Hardness is the resistance which bodies 
make to mechanical division. It is generally measured 
by the circumstance, that one body will scratch another. 

ObtervaHon, Hardness is not nlways in proportion to the density. 
fUuttration 1. Quid, though soft, is 4 times hei^vier than diamond, and 
quicksilver twice os heavy as the hardest steel. 

2. Diamond is tho haroest of all known substances, and can be polished 
only by its own dust. 

3. ItMs remarkablo that stoel can be made, by heating and slow cooling, 
as soft as pure iron i or, by sudden cooling, as hard as glass. This was one 
of the most important discoveries in tho arts i for it has given to man the art 
of making edged toolp. instruments by which he moulds all other substances 
to suit his wants. Thus, a savag:e will, for twelve months, with fire and 
sharp stones, iell a tree and form it into a canoe i and a modern carpenter, 
with his tools, unll do the same work in a day or two. 

XXXIV. Elasticity is the property of yielding to force, 
and returning to the original state when the force is 
xemoved. 

ffuttroHon X» Indian-rubber is one of the best examples of this property^ 



XXX. What Is the lUnttnUloD of dentltr? XXXI. Go what doeii tho dnniilty 
•fbodlefl depend 1 How tn it llluatntted 1 XXXII. How li poro«ity provnd 1 What ob* 
strvstton Is made on thia aufojectl What is the flrat, aocoDd and third llliii«trationa 1 
UUII. Deteeha'dno"!' "VVhat Is the ohaervatlon 1 What la the txnt lUuatraUon 1 
ThesecoiKll The third 1 XXXIV. Dtflne elaaUclty. 0|v the flrst Utaauatlon. 
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The mineral called iainglaaa, or mica. A ball of ivory, dropped npon a paf» 
ment, will rebound high in the air from ite elaiticity. 

2. A good f teel aword, may be bent till ita enda meet ; yet, when allowad. 
it will return to perfect atraightneaa : while a rod of bad metal will be brokOi 
or permanently bent. 

3. Putty, dotuzh, and paate, and all liquida, are among the meiastic bodieai 
while air, and all aerial aubf tancea, are the moat elaauc of 'all bodiea with 
which wo are acquainted. 

XXXV. Brittleness is a property by which bodies are 
easily broken into fragments, and belongs, generally, to 
hard bodies. 

MustratUm, Olaia, iulphur, aealing-waz, and roain, are fiuniliar "'tfi'y^ 
of brittle bodiea. 

XXXVI. Malleability is the property of being ham- 
mered, or rolled, into thm leaves or plates. 

JUiutraHon, Thua gold, one of the moat malleable aubatanoea in natnra 
la hammered into exceedingly thin leavea { tin, into leavea called tinibil i and 
iron, thin platea, called aheet-iron. 

XXXVII. Ductility is ihe property of being drawn 
into wire. 

lUxutration, Platinum ia the moat ductile of all the metals ; iihrer, the 
next ) and iron, the thurd. 

XXXVIII. Tenacity is* the force with which the par- 
ticles of bodies cohere, and is generally expressed by the 
term toughness. 

ight required to 
whatever it be. 




fport a weight of 28 tuni^ 
, .. , -^tuna. 

XXXIX. Pliability belongs to those bodies which 
allow considerable motion of tne particles on each other, 
without breaking. 

IttuHreUUm* Such are tanned leather, in contradiatinction to rawhideai 
uuglazed linen, in contradiatinction to glazed ; aized and unaized paper. 

XL. Motion is the contmued and successive change of 

^ place of any body. It is absolutely impossible either to 

produce or to destroy any thing wilnout it ; consequently, 

every thing that happens depends upon motion. By force, 

we mean that which produces motion. 

Give the second and third iUuitrationi. XXXV. Define brittlenaig. WliatUUif 
niustraUon? XXXVI. Define maUeablUtj, and jmre the iUuatratioa. XXXVa 
What Is ductnitf , and how U it lUustratad 1 XXXVOI. What la tenacity 1 How la 
** aacertalned 1 3j what la it Uluatratad 1 XXZIX. Define and lUualsate pUS&f . 

L What la motion 1 Whatlaforcel * 



XLI. Motion is absolute and relahve. Abeolute mo- 
tion M where the motion is considered without regard to 
Uiy other body, and can be conceived by supposing an 
unbounded space, and a body moving through it. Relative, 
is where the motion is considered in relation to some other 
body, which is either in motion or at rest. 

XLII. The general laws of motion, which have been 
deduced from innumerable experiments and observations, 

1 . That every body will continue in its state of rest, 
or o/" uniform motion in a straight line, until it is com- 
pelled, by some force imvressed, to cliange its state. 

2. That the change of motion produced in any body, 
is proportioned to the force impressed, and is always 
made according to the direction tn which that force acts ; 
and, 

3. That action and reaction are always equal and con- 
trary to each other. Or, the mutual actions of bodies 
i^on each other, are equal and in contrary directions, 
md are always to be estimated in the same straight line 



Fig. Si 
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lUualraium. Theprinc^IeofBetiQn and 
Huprion U illuilnlea by b number of ivo- 
__..B auBpended by smsU coid» ■■ in 
_ja woodcut. If DOW one of the exterior 
balli ai ^ bs drawn apart from ihs reat, 
ny two inchei, and then be allowed lo 
iail against e,tdc ti will remain quiat, 
while a will tly off two inchea from i, or 

Cas &r na J was drawn apart bom • ; 
uee the impulse sa action of f by 
meaos of Lfae elsalicily of the ivory ball* 
ia tranamiited through tdeh and reacia 

.n (hi* priiiclple that a aky-Tocket 
aacends) lbs large quanlity of gMeona 
matter which ia constandy ibnning at 
the low«T pan by expanding, prsaaea on 
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jll Monoii. 

9hm #ff lf«1«rw, Mi4 on thu rrH:k«t above, by wUeh fbret 

fHft^tt-Hfhm. Thi fhinl Uw Khowfl the utter Mly of d 
Mfrihi; |(«r(Mftiifll moUf/ft by MfJf-moving madnnenr; fcr, i 
mnff'-r nf r«>af ttmintn irioliofi, a conittant renewal of the pini 

XMM. ffi ('Mtiriii'ition of motion, we consider Ae 

|fiwiri|jr * tn uumUtiirvn : — 

I . TIm* /ofVf! wliirli finxliiccB the motion. L^ 

U. Til'- ijiff^nfity of matlnr in the moving body. I i 

.1, Tlir ir/fHtfi/ and (linutlioii of the motion. 4'*^ 

4. Till .%^/r//r |m«HiMl over hy the moving body. ■'a." 

ft. Till' tifftr riii|iloyr(l. yj 
I) 'Dm- iiiiifif(*ntiifr), or force, with which it ibilMli^ 

nnnilioi Ifofly oppoNrd toil. I ^ 

XMV Tlir irioirinitiim or quantity of motion, iitl 2 
ffiM/Mit/ ImmIv, in rniitunivA by the velocity multiplied 1^1^ 

llir Wi'lp[llt, 1 

tftu»/niHiin I If ilin Miinin fntri: iinpfl two halls, one of a povnA m^ I . 
nfiil HmiiiIm I ill iwii iiiiiiiiiln, ii lollowN, tlint Hinco the bails can neither^ r' 
fnf M. (•! iliMMM IviA, iMit t'-nirtf tliiii iiiiiin'Hwcl upon thvm, thevwfll nwN I 
i^Hli III'* •iiiiMi HiiHtiiniiiiiii, bill tttn Uk}iU'T ball will move with twiee ihl U 
»i.|iii My Iff ilii* liMivii t ntir, JHTiiuiui ilir ri-HiHtiincc is only half as great 1 

'J it II <-MMiiifii bull wi'rit fnify liiiKN tint wi'iKht of a mufeket-ball, batw U 
iHiialtiii liiijl iiMivfij Willi iiirty iiiiifN tint vilociiy of the cannon-ball, etA \ 
WiHilil feitikn niiy olifeitti'ln wiili tlm mhiih* forcti, and overootne ttie Mm I 
nm]mutui*. \ lid tlm mm wiiiilil n('i|iiirn iih tintch force from its vdodiy as till r 

lllirr ij(KH IliMM ifb WH|/ltt. I 

% A viiry bfiiiill Vi<l<>Hiy iitny bflnttfndi'd with enormous ibroe, if the naH I 
iimivmI h'l |>jii)MiiiiMiinl)lv (rrnti. A \nr((i* hIiI]), floatinf; near a piiT-wall, may | 
bppriini-li ii Willi H vi^lof'If y'flo Niimll na Hi^arcfly to be perceivcn, and yet tw 1 
liifiiitniiKiifi iiiiiV tiH ID (pvat MM to rnmh a hiiihII hont. | 

i A umu of HRMil. or of Mliot, IIiiiiK from lliu hand, and striking the Detson, ] 
will ocniMiiMi Mil pNtn, Hiid limy I'Vfn unirpfly \w. felt, while a block or stoM^ 
niifvlhu wiih llinHHiim vtilodly, would orranum death. 

A. Wimii two bfHlii*M. nioviiiK in oppoaiu^ dinirtions, meet, each body sii»- 
iHiim MM ureal h Hhurfc as if iM'inK ni rent it had been stnick by the other 
Willi ilm iinilMl |i>rrH of lioth. Tliiin, if two vq\m\ ballR, moving at the nm 
•li ifu liit'i pttr Hfeonil, nieei, rafli will he ittnick wiih the same force at i( 
^itiuy at r»'«i, tlm otltiT had moved afrninat it at the rate of twenty feet per 
M-iiifd. It is on this account that, when two persons, walking in oppoHia 
dir(*ctionH, miifit, tlmy suRKr a more 'violent shock than might be expeetedi 

Wlihi Im till' miliHliinri* of Ww nliN<>rvntion 1 XIJIT, Wlint are the elrenrnvriineeff 
riirihlilfrfil in I'NtliiinftriK iiiolioii 1 XI IV. Doflm* i>>oiiii>ririiiii, nml how it ii* etti- 
II Hii'il Wti'il Irillif illiiM'-nrliin hy imo ItHllii I What im thiit hv n rAnniin and a inu» 
kM tmlll What In thn l]1nH(rHiUm hy Iho Nlilpl Uhal Ih thi» nhmmtton by a fffaltt 
<>f Miui or Mill ii 1 W4uu iihisrralion by tbo meotiug of bodiaii and how la tlie aulijoel 
"UthcriUurtUratadl 
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tolCB the denurtation and niin firom the meedhgbi two iMpi, Matmboatib 
hnflroed-can^ moTuig in opposite ditectioiis. . 

1 XLV. The velocity of motion is estimated by the time 
knployed in moving over a certain sp&ce, or by the space 
MBssed over in a certain time. The less the time, ana the 

g eater the space moved over in that time, the greater is 
e velocity. 

Jlhutration 1. Tb' ascertain the 'degree qf tefoeily^ "diiilwee Itm over imurt 
^ divided by the time. 

2. 7b measure the sjoace ran over, the velocity muH he fMiUiptUd Iw fSu 
^9ne I for it is evident, tnat if dither the velocity ot the time be incteasec^^ the 
K^ce tun over will likewise be increased. 

3. If the velocity be doubled, then the body will move over twice the niace 
^ the same time} if the time be twice as great, then the space will be 
^.Mibled \ but if the velocity and titne be both doubl^l, th^i vrill the space be 
Qknar times as great. 

Example 1. If a ship sails at the rate of 12 miles in an hotir, or nzty 
i^nutes, then the velocity ife equal to one mile in five minutes; 

2. If two persons set out together oh a journey, and one walks two miles 
md a hal^ and the other walks five miles an hour, the velocity of the latter 
^ill be double that of the former. 

^ XLVI. A body acted on by a single force, moves in a 
i^iaight line, and in the direction of xht force. 

Illustration 1. A ball, floatuig in water, is driven northward, by a wind 
Mowine in that direction. 

2. A Dody, dropped from a height, falls in a diiiect line towards the centre 
>f the earth, because the moving force is hi that line. 

XLVIL A body, icted on by two forces at the same 
'«me, and in different directions, as it cannot obey both, it 
takes a middle course between the tWo. This ifesult is 
Called the Composition of Forces, 

Fig. 9. ^ShuitihatUm. Suppose a body f to be acted 

^fj upon by another bbdy in the direction a h^ 
while^ at the same tnn& it is impelled in the 
direction a c, then it "^ill moVe in the direction 
ad. If the lines a b and a & be made in 
prdportion to the forces, and the lines e d, and 
a 6, be drawn parallel to them, so as to com- 
plete the parallelogram, then the line which 
the body a will deserfiie. Will be in the diaff- 
•aal « df and the length of this line will represc^ the Ibfce with l)|)iidi 
tils body will move. 
Example 1. There are many instances in natott^ df motion prodneed by 

"XLV. flow i^ velocity of motion estimated 7 Gitre the tret illustration. Beeond. 
Third. What is the llrsl example 1 What the wcondl XLVI. What is sj^ of 
bdidles acted on by one force 1 Give the first illustration. Second. XL"**;^ What to 
srfd of bodies acted on bj two tMoes 1 diutnte a bod/ Sued tm by ttkovrfism m 
dWfcrenf difectiops. 




H VUHTBD MOTion. 

■nml powMVWtingBt thaiamaiii 

M on«| ta kIm) ii b paper kite, acted upon by u 
by ilui (iring in BnotW, 

n IB acted upon by Iwo So 




would be cmti^ in tbe lioe A D, 
and land at D; and, in order lo 
J^ gain the shore ditoctlf c^ipoiite, aa 
ttl B, mual necewanly direct tha 
boat up the alream, fai above Iha 
proposed landing-place, aa to- 
warda C, which wd] be the me- 
dium between A E md A B. 



XLVIII. A curvilinear motion is produced )iy con< 
■tnnily clmn^itiff the direction of the moving force ' under 
thJH head is included llic law of projectiles. 

Dfllnfffon. ProjeelileB'tre bodiea thrown in the atmosphere In a perptn- 
•ii—'", oblique, or horiiontal direction) and ibepathatbey describe tuivet 
"IT form, colled iheparaio/a. 



curYe, deBcriljed by 
projected. The particlea ot the 
in the line that each would do IT 




BQOtlier bait dropped 
directly from the cannon's mouth; for the 
fbiwBfd, or projeclds force, does not at all 
interfere wilhlheactionofgravity. This fact, 
which people, without reHecting, arediapoaad 
10 doubt, proves, in a atnking manner, iheim- 

elocily of a cannon-ball, which will, 

Duching, durinetlie half second that* 
.... he ground, on^r four teet beneath it 

Thit fact also shows the reason that, when we wiah to throw a ball to« 
ihould elevate tbe gun. 



(nta by the cinaon-balL niaatnts by • fenj boU. XLVUL Whal Is em 
X motlonl What are pnijectUea and tlieir i»tiu1 What la tha Int tUo* 
larilMoBrrlUnaWfDM&if Wtat la tl« mcohII 



3. Iini printnde U 
4«p>nbolic tills cd ... .. 
wben fired from the cannon, ana 
A«ciitin vhen droppad frwB the 



lie b ItanbsT ainRrtted in the woodeat balow, 



dwt the ball lakM 




^le aboTs woodeat A^. 13, nnrewnts 
mdkate t)ie curves made by the nlla. 



I bomhatdmeut, and 1h» tbna ttw 

,4 If tbe bombardment had been condncted from an elfrvation, instead all 
t&e level aurface, the baUa would have fiaiiebef end tbe dtyaa uown by Ibl 
fcifiiliar fiu;!, thii we csti thruw a heavf body to a greater distance from aS 
davatioDiaa theateq) bank oCa river, than on a plain or Eevel ground. 

It ii on tbia piindple (hat Napoleon bombarded Cadii, ai the diatanoa of 
Svfl inJlM and from a greater etevalion tbe baJla could have been thrown 10 
m atill greater diatancs. 

SappMethedrelea6e(^<flg. 14, p. 36^) repreaanttheaurfiMeoftheeaTt^ 
and a be a high mooatain extending above the atmoipbere. A ball flrod 






nrtal" \natki 
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beriionttlly finom this hof^ 
might be projected with a ghrea 
velocity forty or fifty ini& ts 
&, with increased velocity, it 
would reach e, and with a lit-, 
tie more it would readi d^ ami 
more still, it would be earned to 
g. If it could be projected with 
about ten times the velocity of 
a cannon-shot, it would havf 
followed the exterior Une, un- 
til it reached the original point 
of departure, and its velocity 
bein^r undiminished it wouli 
oonnmie to repeat its revolo- 
lions around the earth in thi 
same mamer as the moon now 
doesL 



t\ W «»«U^ M the exact balances of oravitation on the one hand, and tha 
M^^liP^lU* IhMve on the other, that the heavenly bodies are reiaiaed in theic 

XLIX. Accelerated motion is that in which the yelocitj 
i« continually increasing from the continued action of the 
wulive power. Uniformly accelerated raotion^ is that iv 
^vlueh tne velocity increases efjually in equal times. 

MiuthxLtUm 1. The incrcaitinft velocity with which a body 611s to this. 

<^th| is an instance of accdismtcd motion, which is caused by the oonstaD<' 

*^lK>n of gravity. 
9- A caimon-ball is acted on by a single tmpntao of the powder, and thi) 

^^'^lorating force of frmviry ; it therefore difscribcs a curve. T%8 is th^i 

•****Hlntion of the nrf (»f (nintwry. 

^i^^rvation. Wen* i'iiUitig bodioN niovfd only by one impulse from attrao 

5j^ the power of Kfuvity ruit conririiiinK to act on them d\irinff fheff descent; 

^•y would f«II, from whoN-viT hi'iijhi, with the «nme equable or unifonrv 

S?^ P throiit/fi tlirir whr^ln #'miri«ft, f)fiKsifig throu^^h eoual spaces in equa; 
^^1 bur fallitttf hofhrH ihy rioi tiin?fi in this manner; tney fall with aceeU- 
2^^ *hat is, rtnUhuitilly iitrrfMtwl velocities. The tmth of this statement 
2^^>^oed on watching tm fnll of an apple from a hi|arh branch of a tree, ka 
Siff^a Bd colour may bo seen when it begins to fall but when near the 
3Bff ^ the motion has so much increased that neither form no^ cobur, but 

oW 'lie shadowy outline of the body, can be seen. 

i*k A new impression beinff made upon a falling body, 
%Tery instant, by the contmued action of gravitation; 

*a this motion MentMod with 1 XI JX. What is said of aceelentod motion t 
vat Illustration : the second -, and the obterratioa. L. How it ezplaia«4 
^■adVBloeltyt "^ 



AOCELBBLATED MOTIOlf. Sf:; 

while ihe fonner impulse still remains, the velocity must 
continually increase. 

LI. The velocities of falling bodies, are in proportion 
to the spaces run over and the spaces passed over in 
each instant, increase as the odd numbers 1, 3, 5, 7, 
9, &c. 

Bhtstration 1. The space dowribed by a body fel- 
ling from Oi^* 15, in the time ezpreeeed by a 6, with 
a uniformly accelerated velocity, rq)resented by the 
lines dcj on which the last degree is expressed by 
b c, will be represented by the area of the triangle 
ah c. If gravity ceased to act, the spice passed over 
in the next portion of time, b f^ would be measured 
by b/y multiplied into the velocity of 6 c, that is, by 
the rectangle h c g J\ which is eoual lu twice the 
triangle, a b c. But iif gravity still acts, then the 
triangle c g h must be added; of course, the body 
moves over three times the space in the second in- 
stant that it did in the first. The next portion of 
tmie it would move over five times the space rei)resentcd by the two rec- 
tangles and triangle; and in the fourth portion of time, seven times; and^ 
on m arithmetical progression. 

it follows, that thavkole space described, is as the square of the time; 
that is, in twice the time it will fall through four times the space ; in thrice 
the time, nine times the space, &.c 

2. It has been ascertained, that this fall of bodies is about 16 feet the first 
second of time ; three times 16, or 48 feet, the next second ; five times 16, or 
8D feet, in the third second ; seven times 16, or 112 feet, in the fourth second ; 
and so on, following the odd numbers, 9, 11, 13, 15, 17, &c. It will fijUow, 
that an apple, falling from the top of a tower or steeple, and reaching the 
firound in 4 seconds, will give the height 256 feet ; a method by which such 
heights, as well as the d^th of deep pits, may be easily measured by mul- 
tiplying the time occupied in falling through the whole distance by itself and 
that again by 16, the number of £^t fellen through the first second. 

3. Thus, suppose the time ...... 4 secondi^ 

multiply it by itseli^ that is 4 

then this product. 16 

IB to be multipliea by 16 




96 

16 

thenvmberoffeet passed in a second, and . . . 256 

the product, is the number of feet passed through m 4 seconds. 



U. What is the proportion of velocity in ftUing bodes T Otva the fintUhisCnrtkn 
TlMseeoixL WbatlslhetUitliUostnitioiil 



4. A Tery ingenious inelminent loTineaBUTingltienicTeMi 
or fa[ling motion, was contrived b; Mr. Altwood. it COQ' 
aisLa ofa wooden column, not lesalhaii ten feci high, with n 
rod marked by fe£t and inches, and two weights suspended 
orcr easilj-nuned pulleys. The raindllf of the biling 
motion in the henvier of the weights ia retarded by ths 
lighter weight, while the gradual increase is BCarcely in- 
flucttccd, and may be seen by the eye as it descends tuong 
the rod, while the time ma^ be noted by limening to ths 
beatJiof s clock. Annexed is a. figure of the inetniment. 

5. The great additional fori% with which a falling body . 
strikea ths Eround, in propordon to the height it falle from, 
msy be esnly understiwd from these illuaira lions. It is on 
this principle that the machine for driving pdes is constniclei^ 
■ heavy weight being drawn up high and let go, when il 

I down on the head of the pile with great tbrce. Even 
Binall and comparatively light as they usually 
are, alien do much damage from the same increaM of thfli 
molion and birce in falling. The account given in the 
Alcoran of the destruction of Sodom is, thai on each had- 
Btone rained from heaven wne vmtten the name of the 
individual it waa destined lo kill, and Ittal il penetrated ihs 
body itom the head lo ihe heel — a Mohamnieian leeend, of 
course— bul nol founded, like some of them, on physical 
impossibilily. 

6. It is the same principle which renders it more danger- 
oua to leap from a nigh wait llian from a low bonk { and 
u.'hich makes a email stone, when rolled down a tadi, often 
~ ' ■■ ' ■ ..:-.i-:--i '---'i produces 



■■ valley of Chamouni." 



mshine of o 
Hi the source of the J 
7. On falling liquids, the principle a 

Ihe lower portions falling faster Ihan the upper, a 
..f ,1 — . ,.* proportion •" ■■"■ — '' 



their slighlec 

conBequenlly diminishing the 

descent. A alresm of hon" 

taper off towards the loi __ . 

broader as it descends, as is obvious in such larger bodies of . _. 
I<innon the Clyde, and Ihefallaof the Rhin^ of the Cstskill, &«. 



3. The SI 



1 pripcqile il 



lluatiated o: 



cale at the falls of Niagtn j 



moving masi; then, becoming a . . . ., 

until at last, suirounded by its foam and mist, it flashes into tbe de^ below, 
•Imon vrilh the velodty of lightning. 

LII. All motions produced upon a body, by one force 
only, must be made in a right line. Therefore, a bodjr 
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moving in a curvilinear direction, must be acted upon fay 
two forces at least ; and when one of these ceases to act, 
the body will move again in a straight line. ' 

lUusiraHon. A stone in a sling is moved round by the liand, whik it is 
pidled towards the centre of the circle which it describes by the string. But 
when the string is let loose, the stone flies off in a line as straight as if shot 
from a gun. 

LIII. The force required to keep the body in a circular 
motion, is called the Centripetal^ or centre-seeking force. 
That which tends to move outward, or from the centre, 
is called the Centrifugal^ or centre-flying force. 

Ittu9tration 1. Thus, a sling-oord is always tight while the stone is 
whirlings by the centrifugal force; and while the cord is strong enough to 
japport the stono, it puUs it towaids the centre, and thus becomes a caitri' 
peioL, while the weight of the stone is the centrifugal forot. 

2. The motion of mud flying from the rim o£ a coach-wheel, in rapid mo- 
tion, is a striking iUustration of centrifugal foroe^ as seen ill the acconqMOiyiDg 
vood-cuL 

Fig. 17. 




Coach-whed throwing off mud; a the pomt at which the mud ilies off; 
a 6, the straight line in which it would move but for the central force which 
compels it to follow the parabolic curve, a c 

3. Bo^es laid on a table, which is caused to whirl like a horizontal wheel, 
are quickly thrown off by the centrifugal force. 

4. A wet mop, or battle-brush, made to turn quickly on its handle as an 
axis, throws off the water in all directions, and soon dries itselC 

5. A tumbler of water, placed in a slings may be made to iribrate like a 



What maaentlon by a coach-wheel 1 What by a tablet What by a wat mop t 
Wbaf by a tumbler or water 1 

3* 



10 enrnunraAi. nwci . 

fendnhns, br ffiKhuUy iocioanne' ihe oecillntian, until, HI lut, the vtMtl 

msy be conipLicly iitverlatl witboul ipillins [lie wafer. 

fl. On the sDnie piinciple, nnmely, cenlrinigal [brc«, piit Bome wntor in ■ 
cammon water- pail, tuspend it by a Blnn^. ajid set it in a whiriing Diotkm, 
the liquid wiU rue up an the tdde* of the pad, giving a concave or hoUow uir- 
fitce (0 the wbole liquid within. 

T. Csniagee are often ovennmed by quickly rounding cornots. Tfci 
inertia carries the body of the vehicle forward in the aame line of diiectian, 
vfaile (he wheeU are euddenty pulled around by the horsee into a new one. 
Tbui, ■ loaded tcage ninninf; loullt, and suddenly turned lo the east, etiein 



the 



— snger" on the eouth aide of the t 

A ball of Boft clay, with a apindlc forced through its centre, tt m 



irhere the aplindle IS 

9. The centriAwal force acung upon the fonn of our earth, in ita daily ro- 
tation hoa eauaedil to bulge out about seventeen mdea at the equator, and to 
be flattened at (be polee in the suns proportioa ; a mass of lead that would 
weigh 1000 pouttda at the polea, weighs five pounds lees ac the equator, it) 
eoneeqwncs of the centriAigal force. An apparaiue for illuBtrating (he cen- 
tiv-flying Ibroe tonHati of two cbcular elastic hooipa, on an aiia moved by 
■ crank and wheel. When put into rapid motion tbe hoops are obserred ta 
■...1 . ^1 ii^ middle, in consequence, of the centra-flying force. See ae- 




Wtal eijuriiDent , 

MUsflulDcnMel 



damns of cuuunrT. 
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fbroe and srmTitation would be equal and all bodies wo«ki be dectitate ol 
weight, and if the centrifugal force were to be stiU fiirdier increaa^ all 
oodles would fly off into q;>aee, or rise up and form a ring like that whick 
SBTTOunds Saturn. 

II. It is believed that Saturn's double rii» was formed by the great cen* 
trifugal force of (hat planet, raising the lienter materials nom its sorfocc^ 
where ther are exactly balanced between the centrifugal force and the at- 
traction oi gravitacioii. 

LIV. The centrifugal force of any body increases with 
its disi^ance from the centre of the circle in which it moves : 
It also increases with the weight of the body in motion. 

JUustratum. Thus the force of the mud flying from the coach-whee^ 
fi£. 17, increased by increasing the distance from the drcumferenoe of the 
wheel fh>m tlie centre, or in other words, by increasing the size of the wheel, 
the force would also be evidenUy increased^ by increanns the size of the 
li^buleB of xHblq mud, which are in this case die moving body. 



CENTRE OF GRAVITY, 

LV. The Centre of Gravity of a body, is that point, 
about which all its paits do in any situation exactly bsdance 
each other, so that if a body be suspended or supported by 
the centre of gravity, it will rest in any position. 

JUtutreUion 1. Thus a rod or beam of wood, being supported by ita mid- 
dle Uke a weighing beam, the iwo sides will exactly Milance each other, and 
be at rest See the wood-cut fig. 19. 

Fig. la 
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Fig. 2a 
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2. Instead of a beam^ a wheel may 
be used, and if uniform m its structure 
and material, its centre of gravity would 
be exactly in the middle, or in its cen- 
tre of motion. 

3. The centre of gravity m a parallel- 
ogram is at the place of crossing of two 
lines drawn from the opposite comers. 
Thus, in fig. 20, the hnes A C and D B 



What remark of Saturn and hia rincs 1 LIV. What is said of the mcrease of oentri- 
foaal force 1 andhowiaitmuatratedl LV. Define the centre of ig*vity. I. How is a 
l^jtfratedl What illustration by a wheel! What by aparaneloframl 



eEWTRE OF ORATTTT. 




cross at E, which is the centre of vravh}' of the psr- 
allelogram A B C D. 

4. The centre of gravity of any irregular body, as 
aebdf fig. 21. is found by suspending it from any 
point as a. and dropping a pUimb line « g, from tb« 
point Oj the centre uf gravity must be somewhoe 
m the ling a g. Now suspend the body at another 
point, as at c2, and drop the plumb line as before, it 
will fall in the line d t and c ; the point of cros* 
sing of the two lines is the centre of gravity. 



LVI. The Centre of Motion is the point about whkb 
the body moves ; and a heavy body suspended on a centre 
of motion will be at rest, if the centre of gravity is direct- 
ly under, or above, the centre of motion. 

Piflr. 22. 

Jllustration. If a heavy body E, fig. 22, hangs 
hv a string on a centre of motion Cf, theactbn 
of gravitation at fi is in the direction E L, con- 
trary to the direction in which the string acts 
to prevent the body from falling. In this posi- 
tion, therefore, the opposite forces being equal 
m contrary directions, destroy each other, and 
the body is at rest. But if the body is at P, 
one of ine forces acts in the direction P C ; ana 
the other in the direction P L, that is, in a di- 
rection oblique to each other, whence the body 
will move in the diagonal of the parallelogram 
formed by P C, P L. And since in all caseis 
without the aid of mechanical powers explained hereafter, the force which 
sustains any body must be equal to its weight, the centre of gravity can 
only be at rest when these forces are in the same line of direction, that is, 
when the centre of gravity is directly under, or directly above the centre oi 
motion. 

LVII. If a line be drawn perpendicular tl) the horizon, 
from the centre of gravity of a body, it is called the 
Line of Direction^ because it is the line which the cen- 
tre of gravity would describe if tho body were suffered 
to fall. 

LVIII. While the line of direction falls within the base 




What by an irreirular body? LVI. Describe the centre of motion. Give the 
ihutration. LVII. Describe the Lint of Direction. When will a body stand, antf 
whonwiUitfaUl 



JlbwlnKan 1. Tb« inclinsd bod* abtd,tg,^ wtosa 
vity La t, HaniiB flrDUT, becaiue iht Ibw of 

in (/, &1U nilhia ths bwa. Butif Ihs bodr abf i^ 






DEMTU or OBAVRT. ■ 

tmon which the body stands, the body cannot fall : bat 
if it &1I without the base the body will tumble. 
Fig. 33: 

re of gnvity La 

uuHdlioa •/, &Jl» H . _, . „ 

be placed upon it, tba centre of eravilT will be raoed lo 1 
and then the line of diTBOtion I JwiUfklloDtof tbebtuei 
of couiae, tbe ceaOnof grovitf ia not auj^rted, an ' 
whols must &U. 

ObtenaUim. This proves ibe iqjiiiioiia ^ect of 
ia a eoaeb nr boat in danger of overaetdng, ihe cen - - — 

Kvity bdng thereby nuaed, and Ibe line of diteeiioa 
]wn oal of the baee. WhcieMi in aoah circumatance^ 
■'' '" the proper course ie to lie down m the bottom, so b» lo 

bringthe line of direction, andcoDsaquently the centre of grkvily, within the 
baae, and thereby remove the danger of oversetliiig. 
Pig. M. 

2. A column, an obelisk, or a aleqtle might indtne 
1 somewhat 6i}ni the perpendicnlir, and yelaiaad finn. 
' From the inapeclion of tbe annexed fli(iiTM it will ap~ 
pear that the mcUnarion of a column mw ht be evata 
than ie represented in the first fignre, nbere the line A 
B falls within the bascv without endangetiiiR l)ie flta- 
bilily ofthebodyi butit mast be leae than tbat In ^ 
J "- i^j^ where the corre^onding line C D falla 

regulated by th 

^ _._ 3 of gravity over iik feel, ba 

■CKordin^y teens forward, fig. H, 
If « nurae cany a child u ber arme, ahe leana back fra ■ like tear 





4. ythm * toad it canted on ^ bead, the bsarar nanda maigbt tliBt Am 

- ■ ' ■- ■-" ' - 'laacending a hUl^ we aopaar to 

badward) bat in inith wa at* 



n. WbU IBMOatioDbvatannrl 
ni by a load IB Om Iwa4 ■»■ br M 
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CBflTBI OF ORAtmr. 

8tandingiipi%ht with impeei ia a hml 
plane. This u necessary to keep the fim 
of direction between the £Bet, as is evident 
from fi^. 26. 

0. If a man rise from a chair, he is seen 
first bending forward, so as to bring the ooh 
tre of gravity forward over the feet or base, 
when be also raises the body; If he attempts 
to rise too soon before the body is sufficiently 
advanced he falls badi again. 

LIX. The broader th6 base, and the nearer the line of 
direction is to the centre of it, the more firmly does a body 
stand ; and the narrower the base of a body, and the near- 
er tlie line of direction is to the side of it, the more easily 
it is overthrown. 

ObeervaiUm. Hence^ a sphere is easily rolled .along; and a narrow or 
pointed body is with difficulty made to, stand. 

lUuatrcUion 1. The ease or the difficulty with which any thing may be up- 
set, depends chiefly on the height of the centre of gravity above the bese^ 
together with the condition iust mentioned with respect to the line of direct 
tion. This the following illustration will render manifest On a highway, 
level in the middle, but sloping towards the sides, let there be a coach on the 
level and a wagon on each slope at the side, one wagon loaded with haVi 
and another with stones, the centres of gravity and fines of directioit wai 
be as shown in the figures. 

Fig. 27. 




Centre of pressure in carriages.— A, a ooach standing on a level i B, a eait 
.oaded with stones on a slope; G, a wagon loaded with hay on a slope; a, 
0, a. the centres of pressure; a &, line of duvction ; c cL base. 

Blenee it is obvious that the hay- wagon must upset, because the line of di- 
tection fiiUs without the base ; that the coach is very secure because the line 
of direction falls in the base ; and that the stone-cart, though the centre oi 
pressure \b low down, is not very secure because the line of direction hUa 
very near the outside of the base. 

What ninstradon by rising from a chair 1 LIX. When do bodies stand firm, and 
when are they easily oferthrtmnl Whatlssaklofiipsetth«1 What results obvlousfyl 



CKNTBs or GSATrrr. 




Hence it may be peroerred why 

and stage-coacnea^ it heavfly loaded at 
the top, "will be very liable to be ovtr- 
turaed, while a siinirar or greater weigbt 

S laced low down will jprove a aecurity fiom 
anfipr ; and on this principle " aafety-ooach- 
ee" have been constructed, with receptaclea 
for heavy luggage under the .bodiea of the 
vehicles. ^ 

The effect of plaons'the centre of gravity 
of a body in a very low situation is riiown 
in vibrating figures, such as that represent- 
ed in the. margin, and other toys for the 
amusement of childreii, formed on similar 
principU 



x^ 



1-X. If a plane be inclined on which a heavy body is 

IiJaced, the body will slid^ down upon the plane, while the 
ine of direction falls within the base ; but it will roll 
down, when that line falls without the base. 
Fig. 29. 

JUustratum. 1. The bodv e, fig. 29, havine the line 
of direction ea within the base, will only slide down: 
but the line of direction ha of the body h Dalling out 
of the base, that bodv rolls down the plana 

2. When the line of direction fiiUs within the baie 
of our feet we stand ; and^most firmly, when it is 
in the middle ; but when it is out of the base^ we fidl 
unless we step out, and this is thepiindple of walk- 
ing. 

LXI. The common centre of gravity of two or more 
bodies, is the point upon which they would rest in any 
position. 

FSg. 30. 

A 




O A 



« 



atuMlratkn, If the oeotra of gravity of two bodies, AB. fig. 90^ be ooa* 
oeeted with the straight line All, the oistancea AC, and BC, firom the oom* 
nion centre of gravity, C^ are inverselv as the weight of the bodies A and B i 
tih^t is, the point of G will be as mucn nearer to A than to B, as A is heav- 
ier than B} that is AC is to BC as B is to A. 



What is said of stage-coaches loaded at top 1 LX. What is perceived fron 
(his principle 1 What does fif 28 show 1 What is said of a heavy body on an inclined 
plane 1 lUustrale bv fig. 29. LXI. Whatis said of the eonuaon centre of gravity of twD 
bodiesi Give the illuscration. 



fH FEiniULITMS. 

Example. Suppose A to be a ball of 12 ponndfl, and B t ball of 4 
poondt, and the lenffth of AC, to be five inches; then BC will be fifteen in- 
ches; for it will be, 5: BC::4: 12,or 4 X 12, or 4XBC =5X12 =60^ 
aiKlBC»60-t-4=>15. 

ObtervcUioTi. If the centre of gravity of three or more bodies b i 



It may be found in the same manner— by first -finding the centm'O^ ffwikf* 
of any two, and considerinff that as the centre of gravity of one rody, o! 
which and the third body the centre of mvity may be found tkui aame as 
hdxne ; and so on, for any number of bodies. 



PENDULUMS. 

LXII. A PENDULUM is a heavy body, generally of metal, 
suspended by a wire or cord, so as to swing backward and 
forward, and each swing, or movement in one direction 
is called a vibration or oscillation, 

Obaervaium. The principle of the pendulum, of which the commoa dock 
pcndiikmi is a familiar instance, was first noticed by (Galileo, by observing 
the hanging chandeliers in the church of Pisa to continue vibrating for a 
long time, ulter being disturbed by some accidental cause. Gkdileo was M 
to investigate the laws of this phenomenon, and out of what had been in^ ' 
shape or another before men*s eyes, from the beginning of the world, thir(^47} ji 
philosopher produced one of the most valuable mstruments for regulating th* 
affiihwof men. 

LXIII. The times of the vibrations of a pendulum^ ar« 

nearly equal whatever be the length of the vibration. 
Fig. 31. 

JUuairatian. Thus there will be but littls 
difierence in the time taken up by the ball B, 
in moving from 5 to 5, 4 to 4, &c, on each 
side of the line A B, till it stops entirely. It 
is this remarkable property oi the p<»Mfnlwtin 
that makes it so usefiil as a measure of timei 
and clocks, or tune^keepers, regulated by 4 
pendulum, are nothing more than traiaa ol 
wheei-woik kept in motion by weights and art 
arranged as to register the beats oipendulumiv 
which oscillate seconds. The wnole show 
how many osdllalions or swings of the pen* 
dulum have taken place, because at every 
swing a tooth of the last wheel is allowed to pass, and if the wheel ha« 
sixty teeth, as is common in clocks, it will turn round once for evwy asty 
vibrations. And, tf the spindle or axis of this wheel project thioii|rii m 
dial-plate or £Buse of a do<x, with a hand fastened on it, this hand wilfbe tht 
second htfnd of the clock. The other wheels are so connected with the finl^ 
and the number of teddi so proportioned that the second one turns nsty 



LXIL Describe the jpeDduIum, and its vibration. Glre the history of the origiii ol 
^•prlneiplel LXUL What is ssid of the TibratteBsof pendolums. Give the Um 
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tfanes slower than the first, and this will be the minute hand } a third wheel 
moving twelve times slower than the last will constitute the hour hand. 

LXIV. The length of the pendulum influences the 
tinne of its vibration ; long ones vibrate slower than short 
ones. 

LXV. A pendulum of a little more than 39 inches, will 
beat seconds : one four times that length, will beat double 
seconds, or, once in two seconds, and, one of one fourth 
the length, will beat half-seconds. 

LXVI. The same pendulum will vibrate more slowly 
on the equator, than at the poles, because the attraction 
of gravitation is less powerml at the equator. 

CoroUory. Therefore, a pendulum to vibrate seconds, must be shorter at 
the equator ihan at the poles. 

LXVI I. As heat expands, and cold contracts all metals, 
a pendulum rod is longer in warm, than in cold weather ; 
hence, timepieces gain time in winter, and lose in the 
summer. 

Fig. 32. 

■ LXVIII. To counteract the effect of expansion 
and contraction, various contrivances have been 
employed. One of the best, is the gridiron pendu- 
lurriy so called from its construction; it being com- 
posed of rods of difierent metals, which expand 
differently uhder the same changes of tempera- 
ture. 

lUustratum. Thus brass dilates twice as much by the same desiw 
of heat as steel ; henc^ if the pendulum E B D. oe lengthenea in 
summer, by the expansion of the steel bars A ana C, it wul be short- 
ened just as much Vy the superior e^iansnre power of the brass bar 
B, so that the whole length of the pendulum, will lemain nearly the 
ianke throughout the year. 



I 



i 



UCiy. What is said of the length of pendulums 1 LXV. What lengths are re> 
quired to beat seconds, doable aeconda, and half aecondal LXVI. What eflbct 
Iwfe eaaatorial or polar altuati^tl What inference 1 LXVII. What effect hm 
keati LXVm. How are ehaages of temperature countermotwll Describe thegrM* 
Inn penduhun* 

4 



MBCBAHIOAL POWtBS. 



MECHANICAL POWERS* 

LXIX. The Mechanical Powers are certain agents ap* 
plied to engines, or machines founded upon the laws oi 
motion, which machines enable men to overcome resist* 
ance in raising weights, movins bodies, &c. 

LXX. The principal moving powers or agents, are, 
1 animal power, 2 wind, 3 water, 4 steam, 5 springs and 
weights. 

Chaervation. Hence, the terms man-power^ horse-poiDerf ateam-potOer. 

In large cities where fuel is cheap, and where much power is requiredi 
■team is most frequentlv used; where small power is required, dogs are fre- 
ftuently employed for ariving machinery. Thus, in large iron-works, steam 
is employea where there is not a sood water-power ; in the manufacture of 
machme and hand-cards, where all the machinery is light it is frequently 
propelled by dogs. In low or level countries windmills are frequently em- 
ployed ; thus, on or near the seacoast windmills are frequently used to manu- 
facture grain into flour ; to pulverize medicines ; watches are propped by 
springs, and clocks by weights. 

LXXI. Three circumstances are to be considered in 
treating of mechanical contrivances : — 

1. The weight to be raised, or the resistance to be 
overcome. • 

2. The power by which it is to be raised : and 

3. The instruments employed. 

Gb»ervation. The principles of the mechanical powers are such, that, 
wherever power is gained something is lost to counterbalance it ; Thus^ if 
power is gained, generally, time, space and velocity are lost. Thu& if I can 
lift a hundred pounds with my hands, I may be able to^ lift by a lever one 
thousand potuids, but it will take ten times as long to lift it through the aama 
•pace. 

LXXIL There are usually reckoned six mechanical 
powers : the lever ; the wheel and axle ; the pulley ; the 
mclined plant), the wedge ; and the screw. 



THE LEVER. 

LXXIII. The Lever is a bar of iron or wood, sup- 
ported by and moveable on a round centre called b/uI" 

LXDC. Define mechanical powers. IJCX. What are the principal moving powers 1 
WImu ia tlie obsemoion? LXXI. How many circumaCancea to be considered 1 and 
what are they 1 What is the observation t LXXH. Give the number and nimes o 
the mechanitiil pcrwer& LXXIII. Describe and illuscrataB the lever. 



TBI LEtSR. 



crum haying the resistance at the short arm, and the 
power at the long arm. 

Fig. 33. 





lUtutraUon, Let e c2 be a lever, resting on a fulcrum or prop^ then d will 
represent the weight, c the power. 

LXXIV. The mode of action of the lever may be 
further illustrated by observing what takes place when two 
or more boys amuse themselves with a see-saw, or vertical 
swing. 

Pig. 34. 




JUuaitaiion, Here the plank A B forms a lever^ of which the block C is 
the fhlcrum, and in order for the plank to be equipoised, it must be shifted 
into such a position that the greater weight of the boy D nearest the ful- 
crum, may be compensated by the greater distance from that fulcrum of the 
boyE. 

LXXV. There are three kinds of levers, distinguished 
according to the different positions of the fulcrum and the 
moving power with respect to each other. 

LXXVI. In the^r^^ kind of lever the fulcrum is in the 

middle, the power at one extremity and the weight to be 

mised at the other. 

Fig.3S. 




MhuiraHon* Thus, in fig. 35, 6 is the fulcrom, a tho weight, and e the 
^wef. 



ixnv. nhutxata its mode of action. LXXV. Pescribe th« kinds of letsr 
tSra. DescfllMas Srst Und of tolrtr. 
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THS WBEKLAMDIXLE. 



LXXXII. The Wheel and Axle is a 
modification of the lever. 

Jihtatratum, That such is the caie^ may be 
shown by the accompanying wood-cut, where C, - 
represents a ten-pound weight, suspended over 
a wheel, by the line D, held in the hand, which it is 
evident roust pull with a force of ten pounds to 
coonterbalance the weight. Now EL is the ful- 
crum of the lever A E B, of which A E, and E B, 
are the equal arms requiring equal weights to 
balance them. 



LXXXIII. The Tread-wheel, is a modification of the 
wheel and axle, in which a nmnber of persons continually 
stepping on the circumference of the wheel, makes it re- 
volve by their weight, as represented in the wood-cut below ; 
similar machines are adopted in many ferry-boats moved by 
horses instead of men : tnese are denominated horse-boats. 

Fig. 4a 





LXXXIV. Sometimes it is desirable in order to gain 
great advantage to use a very large wheel and small axis, 
which would often be inconvenient on account of the room 
required, and in such case the combination of wheels is 
substituted. 

JUuatraiion 1. In fig. 49, (p. 44,) three wheels are seen connected. Teeth on 
the axle «^ of the first wheel acting on six times the number of teeth in the 
cvcumSsrenoe of the second wheel, turn it only once for every six turns of 
the first wheel ; and in the same manner the second wheel, by turning six 
limeB, turns die third wheel once ; consequently, if the proportion between 
the wheds and their axes be preserved in all three, the third turns once, the 
Moond six time& and the firet thirty-six times ; and as the diameter of the 
wheel 1, to whicn the power is applied, is three times greater than that of the 



LXXXI I. What is the principle of the wheel and a xlel How is it Olostratedl 
iXXXDL What is said of the treadwheell LXXXIV. Whtt is said of the conv 
ihMtkm of wheels t 
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2. There are some cases where a pulley of the kind repreeented in fig^ 
6!^ may be used to great advantage inasmuch as the pin or supiport erf tti 
wheel a, bears half oif the weight By using the hanas then to pull with t 
force eoual to half the weight of the body, a man can support or raise hinif 
self with great ease, as represented in the wood-cut, Fif. 53. 

A man oy a pulley thus employed may let himself down into a deep well 

or from the brow of a clifi^ and elevate himself again vrithoat aid, aoi 

without danger. Cases have often occurred where a fellow -creaUmi 

h£d niight have been saved by this simple contrivance, and many other im- 

Fig. 53. portan't objects gained. For example, how easy woold it 

be to reach or escape from the elevated windows of t 

house on fire, by such a pidley, which might be Ibnnd 

and used where ladders could not be obtained. The cranki^ 

and handles of bell- wires, seen in the corners and walla of our 

parlours, are instances of the fixed pulley, with a short le?sr 

which is the handle. 

Obsertaiion. The pulley is arranfi;ed among the simple me- 
chanical powers ; but when several are connected, the ma- 
chine is called a system of pulleysy or a compound pulley 

The most extensive application of the pulley, is in builcmigl 
the risging of ships, ana on ship-board, for lading and unla- 
ding, hoisting anchors, masts, sails, &c. Thev were also used 
formerly by surgeons, for reducing dislocated jomts, but im* 
proved philosophy can dispense wim this apparatus. 

LXXXVII. Pulleys are either Jlxed or moveable* 

Observation. The fixed pulley gives no mechanical advantage, but is used 
only to change the direction of a power. By it a man may raise a weigfat to 
any height, without moving from the place m which he is, as a stone to the 
top of a building, otherwise he must ascend with the weight 

LXXXVIII. The moveable pulley represented bya^ 
fig. 54, is fixed to the weight, and rises and falls witn i^ 
and the advantage gained by it is as 2 to 1. 

Illustration 1. The reason of this is evident ; for in raising the weiffht OM 
inch, foot, or yard, both sides of the rope must be shortened as mudi, tiiat" 




What Is the observation on piUleys 1 IXXXVn. IIow many kinds and what thsin 
OSes 1 LXXXVnL What is said Of the mcyveable puUeysl Give the two Uhmrattosisl- ' 



Tn nfcunsD flari* 
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i% the hand h moit mavis tfuroufffa two inches, fesi; or yudsi wUdi show% 
•s before, that the space througn which the power moves, must always be 
fi proportion to the advantage gained. 



Fig.S5. 




2. When the npper^ad blocks, x^ fig. 55, coc- 

^ tains ttpo pulleys, which only turn on their axis^ 

and the lower moveable blocl^ x cdntain also 

two, which Unn and rise with the weight ir, the 

advantage sained is as four to one. For each pol^ 

X ley in the lower block will be acted upon by an 

equal part of the weight, and smoe in each pulley 

^ that moves with the weight a doable increase of 

power is gained, therefore me advantage gained, is 

nB/bur to one. 



LXXXIX. In general the advantage gained by pulleys 
18 found by multiplying the number of moveable pulleys 
by 2. 

MuetroHon, A weight w of 72 lbs. may be balanced by four moveable 
Dolleys by a power of nme pounds, because, 72 divided by 8 gives 9; but in 
this case the power, when put in motion, will pass over 8 times as much 
space as the wdffht, that is, to raise the weight one foot, the hand must 
nove through 8 fiset 

Fig. 66. 

XC. Where there is but one rope 
running through the whole, a better 
method is to multiply the power p, by 
the number of folds m the rope which 
supports the weight w. 

Bhutraiion. In Fig. 56, there are four folds of the 
rope, and a power of 100 lbs. at p, would support a 
weieht of 400 lbs. at w. As the upper block or wheel 
is added for the purposes of giving direction and not 
being directly connected Mrim the weight, the last 
fold which passes over it is not counted m estimatiBg 
the power. 




THE INCLINED PLANE. 

XCI. The inclined plane is merely a plane surface in- 



IXXXIX. flow to the advantage of puUeys found 1 How illurtrated 1 _^,J^5fi 
% tlM second mode of eetlaiatinf the advantage gained in pulleys 1 How uinsi ra ieq i 
SUL Xfcswibe the inclined ptauM, and ghre the illustration 
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THS UCCUNSO PLAMB. 



clined to the horizon, and is used to move weights, from 

one level to another. See fig. 57. 

Fig. 57. 
d ^ 




JUuatratUm, In fig. S7, the plane is inclined, or deacenda m the directioDd 
4L and iho ball e if left to itaclf would roll down bjr the action of gravity, and 
the itfic-pcr the descent or the greater the inclinadon, with the greater faiee 
and rapidity it moves downward and the greater power is required to roll 



It UI). 

T 



ht* inclined plonc is often mode by placing boards, or earthy in a sloiang 
dire4:ti<)n, nrui ih of itreat iiiiportnncc 'ia rolling up heavy bodies, as cauJ) 
wheelbarrows, &c., heavily loaded. 

XCII. The force with which a body descends upon an 
inclined plane, is to the force with which it would descend 
perpendicularly, as the height of the plane is to itsVlAJd^ 



Fig. 68. Fig. 69. 




JUuBtratian 1. If the plane a 6, fig. 68^ bt 

parallel to the horizon, the cylinder c will rat 

on any part of it wherever it is laid. But if 

the plane be placed perpendiculariy aa a 6. 4& 

69, tne cylinder will descend with its whole 

J, , , ^^ weight, and would require a power equal to 

Ji ji^^ its weight, to keep it from aescending. Or 

. i!i^^^> if the mane be inclined to the horizon as 



i . 



Fig. 60. 



plane De mcimed to ttie tionzon as a d^ 
fig. 67, and three times the length of the pop* 
pendicular b d, the cyUnder will be support- 
ed bv a powci' equal to a third part of its 
wcignt. 

2. If the plane cr/, fig. 60, be twioB 
as long as its height e cf, one pound 
8t 77, actin^r over the pulley, would 
baianoo two pounds any whoa 
between e and d t If the plane e d^ 
were three times the length of <2 <^ 
then one pound at p. would bal- 
ance 3 pounds any where on tho 
plane c a, and so of all other qoali-' 
t'es and proportions. 

3. A horse drawing on a road where there is a rise of one foot in twenty 
is really liftinc one-twentieth part of the whole load besid^ overooming 
tho friction and other resistance of the carriage; hence, the importanoe of 
making roads as level as possible, and hence ihc errors of the earlier enci- 
neers and surveyors, in constructmg turnpikes, and roads directly over hillk 
for the sake of straightness considered vertically, whereas by going round 
tlKj base of the hills, they would scarcely have gone a greatef diatance «iid 
would have avoided all nsing and falling. See tne wood-cnt, fig. 61. 
- ^—.— — — ^^1^ 

XCI WYmt ia tlie metliml of ostimatfnz the force of dose«nt1 give the first UtniOV 
tteil CHve the second illustration t NVhat iv the remark of going nniodliiUiu 
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In tiM above fig. 61, No. 1, represents a vertical section of a road Msdiaf 
Ofer a hflL and No. Z a horizontal sectioa of a road passing roand me fool 
of the hill; both go the same distance, but one aec^ids and the other avoidf 
thehilL 

4. An intelligent driver in ascending a steep hill, on which there is a broad 
road, winds from side to side of the road, to render the ascent less staep, and 
thus fiivonrs his horses. 

6. The railways of modem times arc fine illustrations of this subject 
They are made perfectly level, when practicable, so that the drawing horsey 
or steam-engine has only to overcome the friction of the carnage or looo* 
motive ; where heavy loads are passing only in one direction, as in moving 
coaL ore, &c., from mines, tlie rails are made to slope a very little leaving to 
the horse or other power, only the office of regulating the movement ; such 
b the case at the Lehigh coal-mines, in Pennsylvania ; there is a railroad, 
on an inclined plane, 8 miles in length, and descending at the rate of 100 feet 
a mile. Down this railway, the cars previously loaded with coal, at the 
nunea, are carried by their own gravity, at the sstonishmg rapidity of a mile 
in three minutes. 

6. A hogshead of merchandise, which 20 men could not lift directly, is 
often moved into or out of a wagon bv one or two men, by an inchned 
plane^ constructed by means of a plank, one end of which rests on the 
wagon, and the other on the ground. 

7. In some canals, as on the Morris canal in New Jersey, the loaded 
canal-boats instead of being raised by means of a lock, are carried up an in- 
chned plane, by water power. 



What UlfWtrtttkHi concemtn; coach-drivers 1 What remark on the railways of 1^ 
laodens 1 What iremark respecthic hogsheads of merchaadiM 1 What is said m 
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VBS WCDOC. 



8. It i« siippoaed that the andents, and especially the E gyp d an t mial 
Iwve used the inctined plane, to assist in elevating and placing those inv 
mcnse masses of stone, which still renrain from their tiiAea, as Che wondef 
of all succeeding ages, 

9. Our commufi stairs, are iiicboed planes in principle ; hut beins steep, 
arc <:iu into horixoatal and perpendicular suriaces, 'm o^der to a^ierd a firm 
footing. 



THE WE0a£^ 

XCIIL The Weikse may be con^ideteJ as two e«]imrij 
inclined planes united at llieir bases. The advantage gain- 
ed is in proportion as the length of the two mdrs of the 
wedgo is greater than the baek> or as the length of oac 
side is greater than half tlic back. 
Fig. 62. 

Jllusfratien 1. The wedge is used for a great ranety of par- 
poses, but mure Gspecialiy for splitting blocks of wooi^ er stone, 
and for squeezing strongly as in the oil-press; forraiaiiig gtedX 
weights, as when a ship of war is raised by driving wedges 
under the ket'l. 

2. An enginupr in London, having btdlt a vefj lofty and heavy 
chimney, found ufter a time, that it was beginning to settle on 
one side, but by driving sedges under the same nd^he at length 
restored it to perpendicularity. 

3. Nails, awls, needles, &c., are ez&mples of the wedge, as 
well as cutting instruments, such as knives, raaor& axes, chisebr 
some of these are often used in the manner of^ a aaw, which 
acts as a series of snKill wedges. The sharpest raxor may 
be pressed directly aeainst the hnnd whh considerable foicc^ 
with perfect safety; out the slightest drawing movement wili 
cause the instrument to bury itseu ia the flesh. 




TIIC SCRETW* 



'^ XCIV. The screw is a cylinder, with a spiral prota* 
berance coiled round it, called a thread, which will bt 
readily understood by inspecting the wood-cut below. 

Fig. 64. 




What niastration concerning the ancients 1 And what of our eommov ala'mf 
XCm. Describe the we<ke, and give the first iUuBtration 1 What Ulostrartoa ca» 
eening tallcMinneTS) Give the substance of the third fflustmlioal XOIV. 1^ 
■sribethe screw. 
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XC V. The form of the screw may also be represented 
by cutting a slip of paper in the form of an inclined plane, 
and winding it round a cylinder of. wood, as a common 
Jead pencil, it will form a spiral protuberance like the 
thread of a common screw. 



V^64. 




ilbuiraiUm. See the wood-cut, fig. 64. 

Observaiian. The screw is considered as a modification of the indined 
plane, and is used with a lever or winch to assist in turning it ; and then it 
becomes a compound engine of great force, either in pressing bodies closer 
togetbier, or in raising great weights. In fact, a screw is simply an inclined 
plane coiled round a cylinder, and the nut or perforated body which moves^ 
up or down a screw, moves up or down an inclined plane in a drcular 
instead of a rectilinear direction. 

XCVI. The advantage gained by this kind of mechani- 
cal power, is in proportion as the circumference of the 
circle made by the lever or handle of the screw is greater 
than the distance between the threads of the screw. 

JUustroHon 1. See the accompanying wood -cut. fig. 65. If the distance 
of the spiral threads from each other be naif an inch, and the handle of the 
screw toat is the lever projects 96 inches, then the circle described by the 
lever wQl be about 228 inches, or 456 half inches, consequently a force of 
ene pound at the end of the lever will balance a resistance of 456 pounds i 
hence, the longer the handle, and the nearer the threads of the screw are to 
SBch other, the greater the power gained by the screw. 



TCV. Inwliat other way can the principle of the screw be explained) XCKL 
flH« is «h0 estimation of dMadvaatacefianed by the screw 1 Ctt««tha^^uiati£L 




2. Screws are much used in presses of all kinds; as in tfaoee used m 
pressing oil and juices from various vegetable substances, as linseed, rape* 
■eed, umoods, apples, grapes, sugar-cane, castor-beans, &c. They an 
also used in packing cotton, by which means a large and spongy bale, a few 
of which would filla ship, i» reduced to a compact mass heary enough to 
Mnk in water, and in the common printing-press, they force the paper 
itrongly against the type. 

3. A screw is the great agent in our mints for coining money, in letter- 
copjring machines— It is the screw which brings together the iron jaws of a 
■mith's vice ; and although the £riction of the screw is yery considerable il 
k still a Tery useful power, 

4. A common corkscrew is the thread of a screw without the spindle, 
imd Is used, not to connect opposing forces, but merely to penetrate and fit 
itself in thecovk, 

XCVII. A perpetual or endless screw is the name 
given lo screws acting on the teeth of a wheel, so as' to 
produce a continued motion. See the woodcut, fig. 66 

Fig. 66. 




Observaticn* A little reflection on the preceding explanation of tha na- 



^▼e tbenbstanca of the second Ulttstxatlon. GUxa the third. WhatUsaiUikfilM 
ae rl i tcr ewl XCVU. What is an endless screw) What istbeobsenrationi 



GSMSfUL REMUMKK, Jl 

tore and inoperties of the mechanical powers, will sufficiently prove that, in a 
strict philosophical point of view, the real and original mechanical powers ara 
not more than two in number; being all referable to the lever and inclined 
plane ; so that all the others are only ^>ecie8 of these two ; the wheel and axk^ 
and thu pulley being species of the fever ; and the wedee with tlie screw being 
species of indiaed plane. And likewise, the various pkilosophioal writers do 
not agree with respect to the number of the simple mechanical powers ; 
some reckoning two, others five, and some have enumerated seven, Ac It 
is, however, immaterial whether those powers are considered all primitive 
and distinct from each other, or not; for the theory always nmaiaa true 
and the same. 

GENERAL REMARKS. , tfj^ yf— ^ 

XCVIII. The real advantages of all the frocbanical 
powers may be summed up as follows : — 

One man's effort or any small power, which is always 
at command, by working proportionably longer can per- 
form the work of many men acting; at once, whom it 
might be expensive, inconvenient, or impossible, to bring 
together, at any one time. 

XCIX. A ship's crew of a few individuals, easily 
weighs a heavy anchor, by means of the capstan. 

C. A solitary workman by means of a screw or en- 
gine, can press a sheet of paper, against the type so as 
to take on a clear impression ; to do which witnout the 
press, the direct push of fifty men would scarcely be suf- 
ficient ; and besides these fifty men would be idle and 
superfluous, except just at the instant of pressing, which 
occurs only at considerable intervals ; hence the screw is 
said to do the work of fifty men, for it is as useful. 

CI. A single man with a crowbar, (as a lever,) can 
move a great log of wood, which it would have required 
twenty men to accomplish without such means; and, 
though the one man takes twenty minutes to do the work 
that twenty men would have done in one minute and as 
the twenty might not be needed again in the course of 
the day, theretore one man with his crowbar, has done 
the work of twenty men. ^^ 

XCVm. What are the adnAtages of the mechanical powers t XCDL WhatJe 
said of nhip's crew 7 G. What of the printiDC-pieM 1 CL Bin the lUaattaiioB «f OL 
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FRICTION. 



L^CII. In all machines it is an important circumstanca 
to consider the resistance arising from the friction among 
the parts of the machine. 

llhutration 1. In the steam-engine where the nibbing parts aienmiienHU^ 
the loss of power from friction often amounts to one tnird of the wholes 
which allowance is generally made in estimating the power of a machine 

2. If it wore not for the friction encountered, men walkmg on the ground 
or pavement^ would always be as if walking on ice; and overriveiB, that^, 
now flow calmly, would be frightful torrents ; hence the friction upon the 
gravelly bottom and banks of a river greatly retard the rapidity of the 
current. 

• 

CIII. The following are the means used to overcome , 
01 diminish the friction of rubbing surfaces. 

lUuitration 1. By making the nibbing surfaces smooth. 
' 2. Ky interposing some lubricating substances between the rubbiiurparts j 
0i oils for the metals, soap, grease, ulacklead, ^.c, for the woods. l[%ere if 
an amusinff illustration of this subject, in the holyday q>ort of soaping a live* 
ly pig's tai^ and then ofllering him as the prize of the one who can catch him 
and hold him fast bv his slippery appendix. 

3. A third methoa consists in the use of wheels as in caniajees, inttead of 
dragging a load along on the ground ; castors on household furniture an 
uaed for the same purpose. 

^ 4. Large blocks of stone and even houses, are often moved to a veiycon- 
■iderable distance by placing them on rounded cylinders or logs of wood, 
restinff on a hard pavement, or on timbers. 

5. Of all rubbing surfaces, the joints of animals considerinff the strength, 
frequency, and rapidity of their movements, have the least motion; we in- 
deed stuay and admire the perfection found in these without being al>le to 
■neceed in closely unitating them. 



HYDROSTATICS. 

CrV. Hydrostatics is a term used to explain the 
lavrs of the denser fluids such as water, oils, quicksil- 
ver, &c. 

CV. The word fluids, is a very general term applied to 
air, water, caloric, &c. Fluids have hitherto been divided 
into elastic, as air, and non-elastic as water, but the terms 



en. What is said of friction 1 Give th» illustration 1 What Is said of the eflfeets of 
friction in wallEing, and of friction in running water? CUI. What is the first means 
in overcoming friction? Wtiat'is the second? What is the third means used la 
overcoming mction? What Is ths fourth? and what is the fifth? CHT. Define 
hydrofltatiesi CV. Define the term fluid 1 



eriAOSTATIOS. tt 

werifarm bodies for the first, and liquids for the sec<md9 
are more appropriate, 

CVI. Liquids form a class of bodies intermediate in 
properties between those of apriform bodies and of solids. 

llktetratwn. X^e Mt£ cUetuictMn i>ecween solids, liouids, anil gaseous 
bodies is, that en the first, tke particles haye greater cobesioa than in ifae 
second, and the third are destitute <»f tiiis property. There is no necessary 
difierence in kind between the particles of sohds, liquids, and gases ; thus 
ice, water, and steam, are composed of the same kind of particles, but in ice 
they are fixed, in water tkey easily roU upon each other, and in steam they 
tend to fly off into space. 

•^ CVIL Liquids were for a long tirae considered as in- 
compressible bodies, but recent experiments have shown 
that. the fact is not so. 

Illustration. An experiment was made by an association of scientific gen- 
tlemen at Florence, 1661, which was relied on as conclusive evidence of the 
tncompressibility of water ; they sul^cted water to a very sreat pressure in 
a globe of gold, until the liquid oozed through the poi'es of the metal as if it 
had been leather ; but other experiments by Mr. Canton, in 1761, and more 
recently by our countryman Mr. Perkins now in England, and the celebrated 
Professor Oersted, of Copenhnren, have proved that 12 cubic inches of 
water, under a pressure of 30,000 pounds to the square inch, which is, equal 
to 960,008 pounds on the whole, reduced the 12 cubic inches to 11 ; hence it 
is said that bv the pressure of 30,^06 pounds to the square inch water is 
diminished in Sulk one twdfth. 

CVIIL Liquids are subject to the same laws of grav- 
ity with solids; but their want of cohesion occasions some 
peculiarities. The parts of a solid are so connected as 
to form a whole, and their weight is concentrated in a 
single point, called the centre of gravity : but the atoms 
of a liquid gravitate independently of each other. 

CIX. Liquids press not only like solids, perpendicular- 
ly downward; but also upward, sidewise, and in every 
direction. 

Experiment 1. Take a glass tube, open at both ends, put a cork in one end, 
and immerse the other in water. The fluid wifl not rise far in the tube ; but 
the moment the cork is taken out, it will rise to a level with the surrounding 
water ; which proves the pressure upward. 

2. Take a very narrow glass tube, open at both ends, and dip the lower 
extremity beneath the surface of quicksilver, so that a small portion of it 

CVI. Di^finethe application of the term liquid. What Is the illurtrationl CVIL 
What is said of compressibility of liquids'? Give the illustration of this subiect 
CVin. What is the difference between the pressure of solids aad liquids ? OIX. 
What is their lav of pressure 1 Give ezperitnents 1, 2 and 3. 



■nay liw into the botlom of tlw tube ; tbtn itopp 
MuuUlly wiili the fingt^, lid [he inbe, and bokluig 
iq>m «ad LiitD a deep jar filleil wuh wiiler, when [. ... 
piesBore of that liipud frcini below upward will noi only k< 



the rtfort B 
leitically, pli 



[uiuksilver will rise to a faeisht beaiiui , 
iTCT rnrl nf th« tnhii hniifth ih> mnia , 



3. Let a drcalar btasa plate A B, fi^. CT, be adapted (o ibe Irottom of a 
glasB cylinder and filled accurstcly )>y ^nilinir, or by covering iu upper 
Burface wllh moisl laalher, bo ihal wiiuii ihu cylinder is immersed in ihe jai 
of water F F, and the plate is held l>y the siring K cloac tu Ihe botlom of tba 
cylinder, none of the liquid chii enivi it. If tticn it be immerBed lo suehi 
depth that the weight of the trettical TOlmiin of water which it displace! 



ex. A liquid kept in an open vessel, will assume a 
surface parallel to the horizon whatever be the form of the 
vessel, and will remain at rest. 
Fig. 6& 







i 1. In tlw preceding figiir^ let A B reprncDl ■ gUM ' 
at the two nind eitremilws, uxl filled with witer 10 •. 



m 



recllyinDiB .. . , 

iniiig equD-Uy in all the ivbes, and ipoaiing out till tbe water ia reduced in 
the aide tubes to the level of the Bummita of the ialemal onea, vhen (be 
equilibrium being establiehed the liqnkl will reiHtiD at reat. Tbus it followa 




2. I^ water ajMat upward throtigh a pipe 
having a email otifice inBHrteii Into (he bottom 
of a deefi veaael; it will liae oeatlf to tha 
hoghl of Ibe uppei aotface of tbe water in tha 
venel. The renaunce of the air, and of tha 
blling dropa, prevenla it from liong pertbctl; 
to the level. 

Let A represent a cielera filled with witeri 
al the conMani height B C, then in four bent 
pipea D E F G, be msertei at diSerenl die- 
tancee below the eiBbce, the jela wiU all riae 
to neaity the aame level, that of tbe lineBC. 

CXI. In constmcling canals, railroads, &c, it is oi 
great importance to ascertain the true horinontal level. 

Ilhitlralian 1. Ttiia is generally done bv an instrument called the tpMf- 
•eeel. It cbnsietsof a glass tubes c, Sg, IV, hermelically sealed and pnmcuWy 
Slled with ipirits of wine, excepting a sniBll air bobble b. When the tube 
ia horiiontal the bubble bas no lendeDcy to move one way or anotbeT, hvn 
tbe ilisbteet incinuition will cause the bubble to liae to tin higheat cokL 

Rg. 70. . ' 

i 




. — r ts the glaas tube with iia air bubble ia the ttndAe. Pb 

le SDine enclosed in a elaia esse, and when thus protected it is monntd 
tu Euiveyor's compaasea, and oth9-;jnBlp)menta to ttnal in pladng thana 
horiiontally upon the gi "' ^^ ■ 



idmg ihs earth mrald bond awaf from ■ fttbeOj 
tie* m a mils. In catttDg a Isrel eanol, iherafinB wfaioli 



nnlshl Una aight inchea m a mils. In catttof 
maVM oonmSred aa a part of a hoop, there 



muat be erery wtiere i 



e belter undemood fiom 



Ulmi 



In fig. TZ, a A, Rpresenta k aection of the nirface of the eanh, ^OOO 
mijaa in extent, and c li, a horizantsl, or level section of the aamg ezleot, in 
which the eiiremiilea of the linea c d, and a 6, are neariy three thooaanrl 
Ihet apert, ftom the rounded euifiide of the earth, if ^^ 

CXII. It is on ihe principle of the water-level that Uw 
■yplion acta, in discliaiging liquids from higher to lower 
IflTels. 



Sltutralion. The 

y, bnt, with 

liqiiidi from ' 

Fig. 73. 






iioCtbaletW 



he eyphon conaiflte of a tabe beni 
of itslege longer than ibe other, i 
Is thai are not moved with convememx. 

To use the ayphon, while the ends of (he instniment an 
iward, till i( wiih the hquid, and cover each eitremhy with 



le hquid, and cover each eitremhy 

,_._, is ataic plunge the ahorter W i 

IS represented in Fig. 73, and as soon as thi 
■■ ■ ■ 'loeofthehq 



leeii 

the lesael, the fin- 

" "— oul of (he 

lower thia 



plunged below the autface of the liquid 

C) may be removed, and the liquid 
jer le)( of the syphon, bo long as il 
7 theliorixomBl level of the fluid within tns vessel. 

Obaervation, The s^hon can never carTf the liquid more 
than 32 or 33 leet higher than the level of the fbuntaio 
whence it springs, because the pressure of the atmoBphsn 
will not euetaiD ahighet column; thia will be explained un- 
der the department 3 pneamatics. 

CXIII, The Wirtemberg Syphon, shown in the follow- 
ing figure, when once fiUed with liquid, will renaain so, 
via hence may be hung up in that state ready for use. 

Mbulratiim. One leg A, bsng plunged into a veasel of theliqtdd to be 
"" "" '" '" aipe ihroogh the open ' — " '" ' 



town of 
Hie additi.. 
dtat this avphdn ei 
nrueiion, (hough it 



a open extremitr B, in eoiuamleno 
IB ui lan uquia in the vessel at At thus it ^rUl ippi 
9 somewhat dil!er«nt]r from tfaoM of the commaD et 
I applicable to similar pirrposes. 



re. 74. 



^ \^ 



CXIV. There are springs situated often in the sides, 
or base of mountains, which run for a time, and then ceaae 
and after an interval, flow again and stop-as before. 
These are denominated intermitting springs, and produce 
their effect on the principle of the siphon. 

Pig. TS. 




JBitilrati»n. Fig. TS U iDtendal to npreBent ■ hll, or monnlun, oontain- 
fog an intennitiing totio^ acting tbe part of ■ siphon. The IsltwB a b 
repteaent a fiaauK or hoUow plac« in tba rock, filial lo llie line a d with war 

tcf , having an outlet b dcp,in tbs form of a qihon, while It ia aupplied with 
water through the fiaeurea a f &t. Ai bood aa the leaerroii a bit filled 
hj ths fissures a f&i, aa high aa to the line a i^ the aiieam inll befpa to 



HWR<MR'ATf09. 



I continue till the lerol in the reeenroir m radnced nmAj 

— , air will supply the place of the water, and the stream tf 

p will cease^ until the reservoir be again filled as high as the line a d^ wh«i it 
will commence running as before. That part of the hollow abore the lini 

A tL ifl «*nnatfint1v fillo/l itritVi air 



flow <mt9tjt, and will continue till the lerol m the resenroir is radnced oeiri; 

as low as b, ^idien the "i^ ^H mmnl v tfiA n\»iH> nf thtk vmtor my*A *I*a atnoam •* 

p wilt ceaae^ until the i 

will commence runniL^ , 

adfia constantly filled with air. 

The hollow, abore the line a'd^ is supposed not to be filled with the water 
at all, since the syphon begins to act whenever the fluids rises up to tlie 
bend (2. 

Observation. The syphon may be made available for the purpose of con- 
. veying water over the side of a pond or reservoir into another, provided the 
•latter is on the same or a lower level than the former. It was thus very in- 
eeniouslv applied by a French engineer, M. Garipuy, in 1776, to discharge 
me surplus Quantity of water from the canal of Languedoc, when it had 
been raised above the proper level by the influx of water at the mouth of the 
liver Garonne during a storm. 

CXV. The fluid-level is seen on a vast scale in the 
discbarge of the waters of mighty rivers, from a higher 
to a lower level. 

ObservaiioTL A very slight declivity suffices to give the running motion 
to water. Three inches of fall in a mile in a smooth and re^ar channel 
causes a velocity of about three miles an hour, the Granges which reodves its 
waters from the Himalaya mountains, the hignestin the world, is, ateighte^ 
hundred miles from its mouth, only eight hundred feet above the level of the 
ocean; and to fall this comparatively small distance, it requires, in its lonfl 
and winding course, more than a month. Rivers and all running waters toM 
to reduce the height of the land, and by filling up the ocean gradually to raise 
its level. The Ganges alone, it is estimated, transports from the moiintaina 
annually to the ocean a bulk of earthy matter sixty times greater than the 
great pyramid of Egypt, which is 500 feet high, and covers 11 acres of 
. ground. 

/ i CXVI. The pressure of the same fluid is in proportion 
f^' to the perpendicular height, and is exerted m every di 
recti on ; therefore, at the same depth, all the parts or par 
tides of the fluid press against each other with efqual 
force in every 'direction. 

Exper iwU m i A. If a bladder fiill of air be immersed in water, then the per 
pendicula|r pressure is mani%st for the deeper the bladder is immersed, the 
more will its nulk i)e contracted. 

2. An empty bottle being corked, and by means of a weight, let down r 
certain ^epth into the sea, will be -broken, or the cork will be driven hnto i 
by the prtnpendioular pressure. But a bottle filled with water, wine, Ac., ttiv 
be let down to any depth, without damage, because in this case the intef 
nal pressure is equal to the external. 



What observadon on the useful application of syphons? CXV. What remaf 
of fluid-level on large scale 1 What is the observation illustrative of this principle 
CXVL What relation is observable between the height of a fluid and the perpea 
lUcnlar preamrel What simple illustrations may be given of this prineiplQl 
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nhtrralian. A> ill: Jcplh at 32 feel below ihs (orfiice of ihe M, i i 
hiiK heen c:alculaii;il lu be prtiGBed wilh a Weight equal to atHnil SaOw «i. __ 
oiimln ; yeT as (list presnure » (iiaintniled all onr hia bodf, and ill* 



human tHidy consiais mostly of non-«lBHic flmds or of aolid^ he doei not 
fe«l any remarkable inconvenienca froBi toeli a preasure. 

CXVII The presauro of any Ii({uid is in proportion to 
its perpendicuhr height and the width of its base. 
Pig 76. Pig 77 





Experilntnt 1. In Iha veaBclaft, fle. 76, (he bottom cb, doe 

pressure equal to the quantity of the wnole fluid, bui only of a eoluinn, 
whoaa base is c 6, and height b a. 

% In the lessel / g, fig. 77, the bottom g, suslaini a presaure equal to 
whalil would be if the eesael were as wide at the top as the bottom. 

3. The truth of the abotelaw la illuatrafticl in the experimenlof buiBtiiiga 
wioe-caBk, with only a lew ounceaof water. 
Pig. 78. . 

Suppose ■ cask a, already filled with water, and the tnb« t 

ii twenly or thirty feet long, acrewed tightly into its lop — th* 

tubes will contain but a few ounces of water, yet by tXaojt 

the cask and then pounng water Ihrougb the tube H wiu 

upon the inside of llie caak flrat ooiing thnngh tha 



te the upward pn>- 
, , „ apenure at the top of tha 

cask, through which the water would be " 



re of fluids, bf making a small aperture at the top ol 



6 



le height— according la theory, it would rise as high as it 

' extends in the tube, hut in practice the reaiatanca of the air, 
and the flying drops prevent it from naing so high. 

In practice it has been aacertained that if the tube bs twen- 
ty feet lone, and the intemid diameter a half aa rneh, the wa- 
ter throngh an aperture in the cask would bs forced a litlla 
tnofe than eighteen feet high. On Ibis [Oindpls artifldal 
foontaina are Seauenlly constnicled, the long toM b, tennln- 
ates at top in a large reservoir, ami at the bomnn it ofn 
Tuua along under ground, until it approaches the qN>t, and 
then ascenda and terminates in a small aparlure tbnmgh 
which the water spouts by the pressure of the column in toa 
tube 6. 



[ iftnt of preMoia dona a Mj«n aaMalii u iHb depth of IhtrB-lwo leet ^ 
, l^uxlses of^e loa ) CSVlL What Is tha preimira of a Hald In a veiael 1 
le U by Iha aja. 78, and 77, tJIH the aipaiiment with a ^a-caak. Bow 
• lUualnleDpwmrdpieaBDrel HowdDlhsaryandpractleaaatollaral 



Oimroflaii 1. Hence >n»; be colmlxed tfaa praMun i^on, nad AaMne^ 
nquind fi>r, dsma, ciaiems, pipra, &c 

2. The pr—mtTS of lluidi dUlera rroin their gnanti/ oriMigftlm dial 
lb« weight 11 •ffording lo ihs quanlUy, but tlie prMnn >■ kccolding to tin 

ptrjimdiaiiar heiglU. 

CXVIII. The hydrostatical paradox is thit: that any 
quantity of fluid, however small, may be made to counter- 
poise any quantity, however large. 

KxpcriminL If 10 the wide Teasel a b, Hg. T9, ■ tube e 4 be atUdMd, aad 
water be poured into either of them, il will aland al the aame beight in Dolh. 
Of couiao, theiniBllqiiBiititrincrJ, balances tha largB qaandnF in a £. Bit 
ihiiiionly a paradox in termi, becauBe ihe actioa of tba fluid ia i~ 
nol upwvd. 

Fig. 79. 




CXIX. The same principle of upward pressure is 
alto shown in a striking manner by the hydrostatic beU 

JUutlraium, This instrument coDsisti <il a small king 
tuba into which water is poured and enlera the body of the 
apparatus at iti side neni to the bottom. The body eon- 
mts of two strong boards connected together by Mning 
water-light leatlier. If the lube hold an ounce of water, 
and haTe an area one thousand times less than that oif tba 
top of the bellowB it will balance a thousand ounces on the 
beilowB. If mercury were substituted for the water ued 
in this tnHchine, the eUccl produced would be M tinea 

SBater then with water, becEiuae it la 14 limea besviaT ti» 
at fiuid ; and if a man stand on a !aike bellowa ct Ihil 
kind ha maf raiae bimaelf by blowing into toe top of Urn lahtk 

CXX. The power of the pressure of a column of 
water was applied by Brahma, m the construction of hu 
hydraulic press. 



^^ 



tnlhc uiJiijifits, nnii Bupponed Ecnsmh by Ihe piat... ._. 

desrendA wiihiii tlic liollow cylinder L, aaa passes through ■ collar N, &l- . 



tins ao cloSEly as to be wawr-light 
wiifi a Ti'lB opening inwnrd ai 1, ar 
id iba ■malt faTcinf!- putnp C H, by w 
id driTMi into the cylinder L, k 



i'lfsra 



the leaenw Q, allowilig Ihe 



n the cylinder pi .... 

is a lever which woilta the piston 
water is drawn fiom the reBsrvoir 
op its nisloa A. At K i* a 
"""" 'f"- -craw which con- 
ylinder, throu^th 




3. The amoant of preaaure capable of being made ia eatimaled b]r tbaN> 
btliTe nie of tbe two pistons A and H. , 

If the small piston, ia half an inch in diameter, and the large piston on* 
foot in diameter, then the preesure on the latter will be 6T6timeagTeiter ihan 
that on the (omier. Therefore, if we auppoae the preaaure of tt^ smiUpia- 
Mn tn be one tun, tbe large piston will be forced up against any reaiata — 
with a presiure equal la the weight of 5TS tuna. It would be easy Ibr ■ 
rie man to give the pressure of a ton on Ihe small piston b; mauia of the 
lever, and therefore a man, with this engiae, would be able to eiett a force 
eqoal to the wevhl □( near 600 Iuds. 

It ia evident, thai the force to be obtained by this prindple, con onlv ba 
Emitedby the atrengihof the materials of which Ihe engine is made. Thna, 
if a pTMmire of two tuns be given to a piston, the diameter of which is only 
a qnanar of an inch, the force transmitted to ihe other piston, ifLlhree feet in 
diameter, would be upwards of 40,000 tuns; but such a force ia much loo 
gnat fbr Ihe atnmgth of any material with which we are acquainted. 

A tmall qnaatity of waler, extending to a great elevation woold gLt* Urn 
B twaute above described, it being only ibr Ihe aake of convenienae, that the 
BrdBg-panip 11 employed, instead of a coltunn of waler. 



SPECIFIC GHATITT. 

CXXI. By the speri)Ic gravities of bodies, ia meant 

Bvw Is UspDinT aatlmusdl OXXL !>■£« spadOc intitr. ' 



G4 
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the relative weights which equal bulks of different bodies 
have in regard to each other. 

SUustration 1. Thus a cubic foot of cork is not of eqaal weight whh t 
rubic foot of Wnler, or mnrble^ or lead : but the water is four tunes heavier 
than tho cork, the marble 11 tunes, and the lead 45 times t or, in other wordfli 
a cubic foot of lead would weigh as much as 45 of cork, &&, Ac 

2. If we All completely a tumbler with water^ and then drop in ita pdMe 
or any other heavy body that Will sink, it is quite erident that a quantity of 
water will run out equal in bulk to that of the body immersed. 

Fig. 82. 

3. Hence where a body sinks in water, it di»- 
placcfl or pushes away a quantity of thie liquid 
equal to its own bulk, which liquid must have 
pressed ngainst the solid to buoy it up, and thus 
caused ihe body to weigh less when immersed in 
water, than in ah*. 

Experiment. If any body r, a mass of gold 
for instance, be suspended by a hair frona the 
bottom of one scale of a weighing bearn, as seen 
in figure 82, and be balanced by weights put 
into tlic opposite scale, and a tumbler of water 
be then lifted under the solid body x, so as to 
immerse it in the liquid, it will be pushed up, or 
supported by the w.iter, with a force equal to the 
weight of the water which it displaces; and.in 
order to bring the beam horizontal, n weight 
precisely equal to that of the water displaced 
must be removed to the opposite scale. 
llhittration 4. Suppose th(? ^old weighed 19 grains m the air, and ytiaxi 
immersed in water, it required 1 crrain in the opposite scale to balance it, or 
it lost 1 grain, by being weighed in water— now if we ascertain how many 
times the 1 grain, the weight lost by weighing the gold in water, may w 
had in 19 grains, the weight of the gold in air, the answer w{ be tlM 
specific gravity of gold) 
^^iSius, . . . 1)19 

19. the specific gravity of gold. 
The instrument represented in fig. 82 is called the Hydrostatic BdUmte, 

CXXIL In taking specific sraviiies of bodies, we make 
use of some one as a standard by which we compare all 
others. Pure water is the standard for solids and li* 
qmds, and common air, the standard for all aerial bodies. 

Hhutraiion 1. When we say therefore, that gold has the specific giii^^ 
of 19, copper 10, and cork 1-4, we mean these substances are just so mucn 
heavier or lighter, than the standard by which they are compared. 

2. In all cases of solids heavier than water — the specific gravity is ascer* 




What is the first Hlastration 1 What iliastration by the tumbler 1 What results 
firom the above illustration 7 What experiment to illustrate the subject Give the 
fourth illustration. CXXII. What is said of the standard of specific gravity 1 Dins 
(rate by gok), copper, and eork. 
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tmiied by divicfing the weight of the body in air, by thtt lo«t from weighing 
it in water. 

Example. A guinea weighs 129 grains in air ; by being weighed in water 
it lose-s 7 1-4 grains, wiiicli shows, that a quantity of water of equal bulk, 
with the guinea, weighs 7 1-4 grains ; divide 129 by 7 1-4, or 7.25, and the 
(jaotierit wul be 17.793, which proves a guinei to be 17.793 times heavier than 
its bulk of water. 

Corollary 1. We hence easily deduce the methods of obtaining the specific 
pravities of all bodies, taking rain water as a standand, a cubic root of which 
being uni/brmly found to weieh 1000 avoidupois ounces. 

The weight which a body loses in a fluid, is to its whole weight as the 
specific gravity of the fluid is to that of the body. If a guinea weigh in air 129 
grains, and on being immersed in water lose 7 1-4 of its weight, (he proportion 
will be 7 1-4 : 129 : : 1000 to the specific ^avity of ajruinea. By this method, 
ifye specific gravities of all bodies that smk in water may be found, and ex- 
pressed in a tabic. 

2. Hence, if different bodies be weighed in the same fliud, their specific 
gravities will be as their whole weights directly, and as the weights lost in- 
versely. 

If a body to be examined consist of small fragments^ they may be put into 
a small bucket and weighed ; and then if from the weight of the bucket and 
body in the fluid, we subtract the weight of the bucket in the fluid, there re- 
mains the weight of the body in the fluid. 

3. If tlie sond be lighter than water, then instead of removing part of the 
weights from the opposite scale (as in CXXI. Exver.) we add a heavy 
body to the solid .r, suspended (See fig. S2). until it sinKS. and note the weight 
which both together lose by immersion : tliis will be the weight of a bulk 
of water, equal to that of the two solids ; now detach the lighter solid and 
ascertain the weight lost from the heavier Ijy immersion ; this will be the 
weight of a bulk of water equal to the heavier body ; subtract this loss from 
that sustained by the immersion of both taken together, the remainder will 
be the weight of a bulk of water equal to that of the lighter solid. The pro- 
portion of the weight of the lighter solid to this remainder will determine its 
specific grfivity. 

4. The specific gravity of other liquids is obtained in various ways, but one 
of the best is to make use of a vial or flask, that holds 1000 grains of 
water, filled to a certain line marked on its neck, and this is to be doae when 
the liquid is at a certain temperature, namely, 62° of Fahrenheit's ther- 
mometer; the specific gravity of any other liquid is found by filling the 
flask with it as Wore, and reducing it to the same temperature which mav 
be done bv placiner in a vessel of water recently drawn from the well, which 
is generally of a right temperature ; now weigh the whole, and the difiference 
between this weight and that of the water, will be its specific gravity. 

Example. Suppose it is pure sulphuric acid that we wish to examine, and 
we find that the measure of acid weighs 1840 grains ; had it been 2000, the 
specific gravity would have been 2, or twice that of water, but it is now ex- 
pressed, 1.840. 

The same measure of alcohol, would weigh about 800 grains, and hence 
the specific gravity beincr less than that of water, which is taken as unity, 
•nd expressed thus : 1.0(X) would be represented by O.BOO which is equal to 
600 parts in a thousand, 60 parts in a 100, or 8 parts m ten. 

How is the specific gravity ascertained ia boilies heavier than water 1 Give 
rhe exaumlesl ITow in bodies ligliter than water 1 How do we take the qieeifle 
fcavity of liquids 7 Give the examples. 
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CXXIII. Many liquids, differing in specific gravitj, 
may be mixed by agitation so as to form a compound; 
but if the lighter liquid be poured gently on the surface 
of the heavier, they will for a long time remain distincti 
but little action taking place, even where the surfaces 
meet. Every body knows that water may be mixed with 
port wine or spirits, both which are lighter than that h"qui(l, 
as may be shown by the following experiments :— 

Fig. 63. 

Illustration. Suppose A B to represent a doable-bodied 
vessel the only communication between the upper and 
lower portions of which is through the tubes C anal) ; thea 
if the part B be filled Math water to the neck, and A with 
port wme, so as to rise above the tube D, atill no mixture 
or alteration in the state of the licjuids will take places for the 
lightest occupying ihe highest situation will retain it undis- 
turbed. But if the lower part be filled with port wine^ and 
the upper with water, the former fluid will ascend through 
the tube D, and the latter descend through the tube C, tdl 
they have endrely changed places. A vessel of this con- 
struction, having the upper part transparent, and the lower part opa<iaie^ 
would form an amusing philosopliical toy^ by means of which migfat oe ex- 
hibited an apparent conversion of water mto wine. An analogous expeii- 
ment may be made by taking a small bottle, with a long narrow neck, not 
more than the sixth of an inch in diameter, which is to be filled wit)i sniit 
of wine, tinged red, by infusing in it raspings of senders wood, or 3rellow, 
by putting into it a small quantitv of saffron ; the bottle thus filled with (Im 
coloured spirit is then to be placea at the bottom of a deep glass jar of water, 
when the spirit will be seen to ascend like a red or yellow thread throiigli 
the water, tdl the whole has readied the surface. 

CXXIV. Bodies, differing in specific gravity, and in- 
capable of combination, may be shaken together in a 
vial,* and mixed for a time, but will separate completely 
on being allowed to remain at rest. Such is the effect ex- 
hibited m the following mimic representation of the pro- 
duction of the four elements from chaos : — 

lUustration. A glass tube, about an inch in diameter, closed at one end, 
or a deep vial, being nearly filled with eoual parts in bulk of coarsely pow- 
dered glass, oil of tartar, proof spirit, and naphtha, or spirit of turpentine, ^ 
former spirit tinged blue, and the latter red,* the tube or vial must bs 

* The blue teint nmy be communicated to the proof spirit by adding a mwll p0r> 
tion of tincture of litmus ; atid the other spirit may be coloured with dracoa's 
blood 

CXXni. What happens when two liquids incapable of combination ari shaken tO' 
ffether 1 CXXIV. Describe the apparatus known by the name of the t>or ele> 
meats. 
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MGond with a eoA ; aai when ii u boridy ihakeD the fbnr inwgbari' 

nmu will finrn a confused dull-Uioking maaa, bui an Miur~ *^' "'-' 
light, and wiflering il 10 remain luiduturbed for some dme, i 
tioa wQI lake place between the several ponions of [he chao 
nAwr^ATiMl oIbbs (t the bottom representing earth i the oi] □' 
^itit, with ilD cerulean idnt, occupfine 
ip desired as an embJej 

CXXV. When two liquids, varying in specific grav- 
ity, are included in a bent tube, as represented in the an- 
nexed figure, t)iey will not stand nt the same height on 
both sides of the tube, like a single liquid ; but their re- 
spective heights will be in the inverse ratio of their specific 
gravities. 



Ht W. 



nearly foiuteen times as much as an equal bulk of w 
one inch of mercurf. H, would e^poile about foutleeu lu' 
chea of water, W, on Ine opposite side of the bent tube. 
Neither the form nor the dimensionB of the lube are of any 
importance to the result of this experiment ; for as in other 
CHsea of hydroBiatie pressure, a small quantity of water 
may be triads to counterbalance the larger quantity of the 
heavier Axdd mercury, provided the column of water stand* 
perpendicolatly fourteen time* u high at (he coliunn of 



II YDKO METER. 

CXXyi. The hydrometer is an insixument for taking- 
the specific gravity of difierent liquids, and produces its 
effects fay the depth to which it sinka. 



tptdfic gratity, are adapted to give resatts.of extreme accuracy, which «i_ 
always necessary for saentific purposes! but for ordinsry pnrpoaes ot com- 
merct^ or Iho arte, a more simple and easily- managed apparatus is used, 
which reqmrea less lime and teas skill in the operation ; auch an inBtrumeni is 
met with m the hydrometer. 

Bbutralim 1. This instrument, as represented on page 68, conrisla 
of a hollow jiaaa ball B, with a smaller ball of metal C, appended to ii, and 
which from lis superior weight, servea to keep the insirument in a vertical 

Cation, lo whatever depth it may he immersed in s liquid. Pram ihs large 
II rises a cylindrical stem A D, on which are marked divisions of 
•qtral parts g and the depth to which (he stem will sink in waler, or any 

iilhs'^vibomsttn' l" Wbit ar 
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fltaiuUrd liqaid. 



V%.8Bb 



1 






2. UydrometerB are used by dealers in winMi fpiritfl^ addi^ and all .i,.— 
merdid liauida, for ascertaining their comparatiTe atranffth, and with tht 
tables ana directions accompanying them are easily used by the moat m* 
akilfnl hand. 

3. It is a well-ascertained fact that water attains the utmost degree of dea^ 
sityjust before it freezes, its bulk being relatively less at 40 des. of Fahnn- 
heit or 8 deg. above the freezing point, than at any pcHnt eiuer higher flr 
lower in the scale. 

The difference of the weight of a cubic inch of distilled water at40 d^g. and 
at 60 deg. is somewhat less than half a strain troy, whence it may be mads 
to appear from calculation that a cubic foot of pure watenat its'gieat dea- 
aity, weighs almost exactly 1,000 ounces ayoiroapoiiL or G2 1-2 pounds. Vk 
therefore, the specific gravity of water be represented by the nwmber l|0D6k 
each of the numbers in the following table will express the correMonding 
weights of a cubic foot of the several bodies included m it. Thus a cubic Ibot 
of pure gold would weigh 19,25& ounces avoirdupois, and an equal bulk ol 
cork but 240 ounces. 

4. Sptfc^fic QramHtg qf varioua Solids, lAguitU, and Ckue§, tm 

with Water at 60 Deg. 



Platina, laminated 

purified 
Gk>la, cast, 

hammered 

standard, 22 carats 



22,069 
19,500 
19,258 
19,361 
17,486 



Mercury, fluid 

solid 
Lead, cast 
Silver, cast 

hammered 



. 13.610 

. 11,352 

. I04r4 

. 145M 



By whom are hydrometers used 1 At what temperature Is water at the creatasl 
density 1 What is the weight of a cubic foot of water at iu C?^®"^ density 1 What 
would be the weight ta ounces of a cubic fbot of plathimn Y would a block of aUrit 
sink or swim in a bath of mercury 1 whyl 



jnnwo«T^i!iQt. 



m 



Ksmiith, cast 
Copper, cast 
Brass, cast 

wir* 
Nickel, cast 
Iron, cast 

malleable 
.Steel, soft 

tempered 
*nii, cast 
Tiac, cast 
Sulphate of Barytes, orPon 

derous Spar 
Oriental Rubv 
Brazilian Ruoy 
Bohemian Garnet 
Oriental Topaz . 
Brazilian Topaz . 
Diamond 

Natm^ Magnet . 
Fluor Spar 
Parian Marble, white 
Carrara Marble, white 
Rock Crystal 
Flint 
Sulphate of Lime, or Selenite 



9622 

S788 
8395 
8544 
7607 
7207 
7786 
7833 
7816 
7291 
7190 

4430 

4283 
3531 
4188 
4010 
3536 
3521 
4800 
3181 
2837 
2716 
2653 
2594 
2322 



2130 



Sulphate of Soda, or Glauber Salt 2200 
Chloride of Sodium, or Com " 

mon Salt 
Phosphorus 

Nitrate of Potash, or Saltpetre 
Sulphur, native 
Plnmbago, or Black Lead 
Coal 

Sulphuric Acid, or oil of Vitriol 
Nitric Add 

highly concentrated 
Muriatic Acid, liquid, or Spirit > 

of Salt 5 



1770 
2000 
2033 
1860 
1270 
1640 
1271 
1583 



Sea-Water 
Ice 

Alcohol . 
Proof Spirit 
Sulphuric Edisr . 
Naphtha • 

Linseed Oil 
Olive Oil 
Oil of Tuipentnie 

Anise-seed • 

Lavender 

Cloves 
Camphor 
Yellow Amber 
White Sugar 
Honey 
White Wax 
Caoutchouc, or Gum Elastic 
Ivory 
Isinglass 
Mil^ cow's 
Butter 
Mahogany 
Lignum VitiB 
Dutch Box 
Ebony 

Heart of Oak, GO years felled 
White Fir 
Willow 

Sassafras Wood . 
Poplar 
Cork 



I 



1030 
930 

797 
923 
734 
708 
940 
915 
870 

nog 
WD 

894 
1036 

1078 
1606 
1460 

QCQ 
900 

933 

1917 

1111 

1032 

942 

1063 

1333 

1328 

1177 

1170 

569 

685 

482 

383 

240 



3.02 

1.64 
1.34 
0.98 
0.08 
1.21 



Chlorine^formerly calledOzy 

muriatic Qaa. 
Carbonic Acid, or fixed air 
Oxygen Gas 
Azotic, or Nitrogen Gas 
iiQ^ I Hydrogen Gas 
[Atmospheric Air . 

' fi. If the specific gravity of water be represented by 1 instead of 1000, then 
tkat of platina will oe 22.069, the last three fitnires being taken as decimals) 
the speafic gravity of standard gold will be 17.466, that of sea- water 1.03(1 
that of olive oil 0.915 ; and so on throughout the table, the three right hand 
figures representing decimal parts, except those denoting the specific gravities 
m the gases, the numbers or which must be thus altered to mdicate the re- 
lations of their specific gravities to that of water : — 



Would a pieee of ateel sink or swim in melted copper 1 What would bo the effect 
•f dropping a bar of lead into a pc^ of melted tin 1 How many timea more matter ia 
a cubic foot of aaltpetre than in a like balk of water i Which would sink most nmid- 
|y in water, a piece of flint, or one of native sulphur) Vfhea alcohol and Unseed oit 
sre put into the same vessel which will occu|>7the hifrher parti Determine the 
wunf\ with regard to water and honev— 4)il of terpentine and cow's milk — ^proof spirtt 
and naphtha— sulphuric ether and olloflavender. When the specific gravity of water 
ii taken as unity, what aiiBt we roBsider the last three figusea of each awnbariB 
iMtaldel 
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Water .... L 

Chlorine .... 0.00302 

Carbonic Add . . . 0.00164 

Oxygen Gas . . . 0.00134 

Nitrogen Gas . . . 0.00098 

Atmospheric Air . . 0.00121 

Hydrogen Qas . 0.00006 

6. From the foregoing table it will appear that almost all bodies will flotf 
on the surface of mercury ; gold and platina, and their alloys, being tin 
only substances known of higher specific gravity than that meCalUc ftuin 
tixct^pt one or two recently discovered metals of rare occumenoe.* Hny 
bodies will float on the surfaces of metal while in fusion : and thus earthy 
and otluT substances found in metallic ores rise in the state of scoria to tks 
surfact! of the melted metal in the process of reduction. The lava discba^ 
ged from volcanoes is a very dense fluid, partly metallic ; andhenoe stones of 
vast bulk and weight ore frequently seen swimming on its sarfikoe while it 
remains in the liquid state. 

7. Most kinds of wood will float on water, and but few, as fir, willow, aid 
poplar, on rectified spirit. The solution of a solid in any liquid increases ill 
denHity : thus sea-water is heavier, bulk for bidk, than pure water; andia 
egg which will sink in the latter will swim in brine. Hence it sometiiiMI 
happens that a heavy laden vess^.l, after having sailed in sa^t^ across fki 
salt sea, sinks on entering the mouth of a river; ovring to the innrior 
gravity of the fresh water. 



ART OF SWIMMING, ETC. 

The following remarks on the art of swimming dtc., are from the eieel* 
lent work of Professor Johnson, entitled the Scientific Classbook, wludi !■ 
so concise and vet so complete that the author has inserted it entire as traD 
as thj5 above table of specific grovitics : — 

1. The specific ^avity of the Imman body during life is in most cases 
nearly the same with thut of river- water, ana coincides more exactly with 
Uiat of sea-water ; so that there are probably but few persons who woold 
not float very near the surface of the sea in calm weather. Corpulent peo- 
ple are, bulk for bulk, lighter than those of sparer habits ; for uie adqxMi 
membrane or fut, of animals is inferior in specific gravity to water; vi^iile 
lean flesh imless the blood and other juices are drained from it, is of hisher 
specific gravity than that fluid, and bone is proportionally much heayi^^sn 
the soft parts of the body. Hence it might be mferred that liie power of 
floating on water does not depend entu*ely~on the reladve specific gravity of 



* Iridium, a pi^culiar metallic substance discovered by Mr. Smithson Teonaat la 
»mbination with cnidc plautinmn, has the specific gravity of 1R.6 ; and Tungstea ■ a 



eomumaiion wiin cniac pianimnm, nas ine specinc gravity or ln.b ; and Tungsten 
rare and difficultly fusible metal, the specific gravity of which itn stated to be 17.£ 

Which of the fraseous bodies has the greatest specific firavity 1 How many sad 
which of them are specifically heavier than atmospheric air 1 Which is the lightait 
of KaseouH substances 1 Why do the impurities of metallic ores rise, when meltad 
to the surface of the mass 1 What is tho nature of lava ejected from viSleaaoee 1 
What effect on the specific gravity of any liquid is produced by dii^solvlng fn It a'tm^ 
tlon of any solid 1 To what maritime occurrence is this fact applicabfel Whitfli 
the relative specific gravity of the human body compared with fresh and with Mil 
water respectively % Wilf a fiit or a lean person float ,with the greater ftojBty to 
«ater1 
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the solids and liqoids wbich enter into the composition of a Mmian bodf r 
and accordingly we find that the body of a person destrofod by drownini^ 
or thrown into water immediately after death, will sink nr beneath the aor- 
foce; but after several days have elapsed, a body thus treated usoally rises to 
the level of the water, in consequence of its having become specifically 
lighter than that fluid, from the accumulation of gas within the body, pro- 
duced by incipient putrefaction. It is then chiefly owing to the air included 
■ in the cayities of the body during life, especially that portion contained in the 
lungs, that a man is enaoled to float on the surfece of a pond or river. 

2. There are, however, some credible accounts eitant of persons whose 
bodies were so much inferior in specific gravity to water, tnat they couki 
not descend beneath its surface; not possessing that "alacrity m sink- 
ing," which ma^ be literally attributed to most individuals. In 1767, there 
was a priest residing at Naples, named Paulo Moccia, whose extraordinary 
(acility of flotation attracted much public attention. This ecclesiastic could 
swim on the sea like a duck ; when he assumed a perpendicular position, 
the water stood on a level with the pit of his stomach ; and it is stated that 
when dragged under the water by one or more persons who had dived for 
that piurpose, as soon as he was released, his body would rapidly rise to the 
•ar&ce. It appears that the weight of this gentleman's body was thirty 
pounds less tnan that of an equal bulk of water. This peculiarity of con* 
nrmation doubtless depended paftly on his being extremely fat, and having 
voy small bones ) besides which, probably his lungs were capable of holding 
a liu^er quantity of air than is usual, and there might also have been an ao- 
cummation of air in the abdomen, arising firom the disease called tympany, 
or from some other cause. 

3. Most very corpulent people^ who are at the same time strong and 
nealthy, would perhaps find on tnal that thar bodies would float on water; 
and those who do not happen to be^ endowed with a superabundance of fat 
might still in almost all cases, with a little application, acquire the habit of 
floating with facility. The capability of breathing fi^ly and at regular in- 
tervals is essentially requisite to enable a person to support himself on the 
surface of water. The head, and the upper and lower extremities are reU 
atively heavier than the trunk of the human body ; and the head e^)e* 
dally, from the quantity of bone of which it is comoosed, is the heaviest 
part of the whole mass, yet unless the face at least be kept above water the 
respiration cannot be continued. It is therefore of the highest importance 
that all persons should be perfectly aware of the precautions necessary for 
dits purpose ; so that any one accidentally falling into the water, and being un- 
able to swim, may be instructedHiow to escape a watery grave. 

4. A person suddenly immersed in water, if not absolutely deprived of sclf- 
possessiun by fright, should, on comin&r to the surface after the first plunm 
endeavour to turn on the back, carefiiUy keeping the hands down, with the 
palms extended towards the bottom of the water, the leffs being sufl^red to 
sink rather lower than the trunk ; the only parts above the surface will then 
be the face and a small portion of the chest : at each inspiration more of the 
head and chest will rise above the water, and perhaps those parts will at 
first be for a moment covered with the aqueous fluid at the interval of expi- 

What win generBlIy occur when a hamaii' body is thrown hito water! Why 
dcsa the body of a drowned person rise to tlie surftce after being some (Mts 
In the water 1 What extraordhiary histance of specific lightness In the numan body 
is recorded 1 On what drcuinstanees did it probably depend 1 What operation is It 
necessary to pertbrm while attempting to float on theaurftcel What measures 
ifcanlil be adopted when one Is suddenly immersed in water 1 
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rmtkm of the air. Every thing depends on making no efibrt to turn or knf 
out of water any part except the face, and endeavouriDg to hoep the fauijp^ 
and consequently the chest as much enanded as poisible^ without aaqg 
any irregular exertions in breathing; and it may be proper to caution per- 
•ons thus circumstanced against struggling or screaminfl^ as worae thanue- 
less ; for in case any one who might yield assistance should be within eal^ 
It would be best to wait till the first alarm had subsided, and then the invol- 
untary bather, conscious of comparative security, might use his voice with 
due enect, ana without increasing the hazard of ma situation. 

6. But an acquaintance with the art of swimming can alon^ give a pet- 
•on perfect confidence of safety when by accident imniersed in wmter. Itii 
to bo lamented that this is not a more general accomplishment ; for it ii ons 
which must frequently prove of great utility ; and it is much to be deani 
that it should become a oranch of education at school for boya, as being c^ 
higher importance than the more fashionable arts of dancings fenqng^ « 
even gymnasiics. 

6. It may be questioned 'whether written instructions alone would ensMe 
any one to acquire a facUitv in swimming ; and admitting their utOity, it 
would bo inconsistent with tne purpose of this work to anbrd them men 
than a cursory notice. In swimming, as in floating, the chief object d 
attention must be to keep the &ce above water, while the limbs are immen- 
ad : but from the different position required, it must be aprarent that in 
swimming, not the fnce alone, but nearly the whole head must be snstaiiMl 
above tlie surface. In making a first attempt, the advice of Dr. Frankfin 
may be followed, where he directs the learner to walk into water till he 
reaches a place where it stands as high as his breast, and dropping into the 
olear stream an egff ; as soon as it has reached the bottom he is to lean fo/t- 
ward, restinfj^ on the water, and endeavour to take up the ege, when be will 
bteomo sensible of the upward pressure or resistance of the fluid ; and find- 
ing that it is not so easy to sink as mi{;ht have been previously auppoeodi 
the younff adventurer would acquire confidence in his own efibrta, the valo* 
able result of experience. 

7. Corks or blown bladders fitted by strings passing under the anns and 
across the cliest, will afford material assistance in supporting the tipper part 
of the bodv in a proper position ; but they perhaps rather tend to retaitttnan 
fiicilitate the progress of the learner, hy leading him to form a fialse estimate 
cf the resistance of the water; so tnat as soon as he makes an experiment 
without the corks he finds himself obliged to recommence his task, and study 
it on a different plan which might as well have been adopted at first U 
however, corks or bladders should be used, it is highly necessary that they 
should be secured from slipping down to the hips, and thus causing ma 
flwimmer to fall with the nead vertically downward, and incur the most 
imminent risk of drowning. 

8. As less exertion would be required in the position of floating than in 
that of swimming, there would perhaps be some advantage in acquiring dia 
power of flotation, as above described, previously to attempting to awhn. 
This having been eflected, the learner mi^ht, instead of the common expedi- 
ent of using corks, procure a two-inch pine plank, ten or twelve feet lon^ 
and placing it in the water, lay hold of it with one or both hands and puahit 

What importance ought to be attached to the art of swimming 1 What Is the first 
■tep towards the acquisition of that art? flow may tlie learner be made sensible dL 
the buoyant power of the water 1 What objection exists to the use of cork jackets 



and similar 
Bwimi What 



expedients to increase the buoyancy of the body when learning to 
It use may be made of the swimming-board white learning the art t 
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beftyre him Mrbile leamitig to strike with his legs. Bat this or any othor 
artificial mode of practice that may be adoptea, should be laid aside as 
speedily as possible, as the learner cannot too soon make himself acquainted 
with the full effect of the pressure of the fluid in which he is moving, and 
with his own strength and power of action ; and till such knowledge is at- 
tained he will make but alow progress in the art of swimming. 

9. The method of communicating buoyancy to solids of greater specifio 
gravity than water, and enabling them to float m that fluid, by enclosing with- 
in them air or gas, is susceptible of application to a variety of UBdtal purpo- 
ses. It has accordingly been adoptea m the construction of swimming-gir- 
dles, life-preservin^ belts, and au-'jackets, which like the bladders noticed 
above, are merely baffs of different shapes contrived so as to be inflated with 
air, and worn round the upper part of tne body. Life-boats Or safety-boats, 
as they are sometimes called, are rendered buoyant by forming in their sides 
air-tight cells or lockers, of suflftcient dimensions to prevent the £>at from sink- 
ing even when everyother partof it is filled with water. It has recently been 

Eroposed to extend this principle to vessels of any size, and thus to prevent 
eavy laden merchant-ships or men-of-war from foundering at sea. The 
scheme consists in the employment of copper tubes of a cylindrical form, 
hermetically closed at the ends and sufficiently large and numerous to con- 
tain as much atmospheric au* as would cause a shrp to swim, when in con- 
sequence of having sprung a leak it would otherwise sink. It is stated by 
the inventor of these safety tubes, Mr. Ralph Watson, that an eighty-gun 
ship, even when immersed from leak, would not require the application of 
such tubes to a greater extent of displacement of water than would be suffi- 
cient to support 240 tuns of its immense weight. 

10. Pish, in general, are provided by nature with a peculiar apparatus, which 
enables them to swim with the utmost facility, and to ascend close to the 
8ur&ce of the water, or descend to a considerable depth beneath it, by means 
of a membranous bag ot bladder containing air, which they can distend or 
contract, and thus alter their specific gravity according to circumstances. 
The toaa-fish it is said distends its stomach by swallowing ah*, to assist it in 
swimming, and becomes puffed up like a blown bladder, in the same manner 
as the globe or balloon fish. 

11. An experiment has been previously related exhibiting the effects of the 
pressure of water upward in supporting a plate of metal, hi contact with the 
lower extremitv of an open cylinder, from which it may be inferred that 
solids of the highest specific gravity, as gold or platina, maybe made to float 
on water or any other liquid, provided the floating body be of such a form that 
its upper surface may be protected from the pressure of thehquid by a column 
of air, the depth of which bears a certain proportion to the mecific gravity of 
the solid. It is thus that a china tea-cup, though much heavier than an 
equal bulk of water, will yet float on that liquid if placed in it with its cavity 
upward and empty; but on pouring water into it, the cup will descend in 
consequence of the air within its cavity being displaced by the heavier fluid | 
till at length, when so much water has been poured in as to render the cup 
and water together heavier than a quantity of water equal to the space thA 
cop occupies when immersed to its edge, it will sink to tne bottom. 

Explain the construction and use of the girdle employed for the bmbo purpose 1 
How are life-boats made incapable of shikingl How are Watson's safety t""®* *^ 
be applied for the security of vessels at sea 1 To what Is the power of ^®™cai 
movement in fishes attributable 1 How may the heaviest of metals be ''J**^!?.? • 
on the Ughtest of liqnids 1 What quantity of water wiU it be necessary to poor van 
a lloatiiig basin in order to sink it to the water's edgel 
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12. A raA wiU flaftt» became it is absolutely bgbfef tb«a WtfieT, ttd < fiftk 
bof^ also ror the saite' reason ; but vessels in general^ from the cock-boct ux 
the IfU'gest man of ^ikr^ owe their buoyancy to their ceocKve form. Henos 
■hips need not be Wilt of fir or any light wood, since not only the heaviest 
woods might be used but even tlu; heaviest metals^ to construct floating ves- 
sels ; and indeed steamboats made of sheet-iron have recently been tried, 
and found to possess fhto requisite properties for ploughing the waves with 
perfect iacihty and safety^ 

13. Floating bodies may be employed to raise heavy substances from tht 
bottom of a nvcr, pond, or basin of water. Thue a sufficient number of air- 
tight casks might be attached by ropes or chains to a large block of granitt 
at the bottom of a nter near its entrance into the sea, and the ropes being 
adjusted to such a length as to keep tliein strained tightly by the buoyancy 
of the casks at the lowest ebb of the tide, the block yiroiild be rmsed h^ tha 
upward pressure of the casks at high water. Perhaps this method of ruisiug 
or lowering ponderous masses of stone might he advantageously applied to 
practice in ouilding bridges or piers within the tideway of a rivcr^ 

14. The common method of regulating the supply of water confveyed by 
pipes into a cistern by means of what is cailled a ball-cocU, depends on tlu 
action of a hollow globe of such dimensions relatively to the thickness oJ 
the i^ietal as to keep it always floatinn^ on the top of the water m the cisteny 
A long wure is connected with the hall at one end, and nt the other with h 
▼alve or stop-cock, on which it acts as a lever, opening it when the long arm 

'of the lever is allowed to descend by the inking of (lie bail attacltcd to that 
end} when the water falls in the cistern, and on the contrary closing the 
valve, Mdien, by the rising of the ball with the water, the cistern becomes 
lull, and the lever presses on the valve or cock and keeps it shut, so that tho 
cistern can never be filled beyond the proper height. 

15. The power of floating bodies may also be appUed in a difierent manner 
to the purpose of rendering buovant other bodies attached to them $ and 
among the various applications of titis principle may be noticed the irrgenioufl 
invention called the water-camel, used in Holland and also in Russia and at 
Venice, to enable large and heavy laden ships to pass shoals or sandbajdu. 
The method of effecting this object consists of the application of twa long 
narrow vessels adapted to the sides of the ship, and being hollow and water** 
tight they qre fillip with water, and then let down, ana firmly secured on 
•ach side of the ship, after whicn the water is to be pumped out of thein, and 
the wMe mass, consisting of the ship and camel is tni^s rcnder(.>d specificai- 
\}[ lifter tl^n before ana drawing less water than the ship alone did pie* 
fiousry, the shoal or sandbank noay be passed without danger of groundii^ 

1^ The t^^ndency of a floatins body to assume a particular position when 
partly immerse^ ui 9, liquid, and to retain or lose that position according to 
drcumstances, may be elucidated by reference to tha aoctrine of the centra 
ot gravity, i^ explained with relation to solids. When a solid body, spedfl* 
oaUy lighter than water. i< piaced on its surface, it will sink to a certain 
depth at wl\iGh the absolute weight of the body is ejiactly counterbalaooid 



How Is the floatinf of a raft to be explained 7 How does It differ from that of an Iras 
•teamboatt To what useful purpoae loay the principle of notation be applied m 
eonntfxion with rabmacrine operations? In What manner \u the same principle aap 
piled to' regulate the access or wafer to a clAem 1 Explain the construction andiS 
of the waU>r-cameI. What takes place in rpj»rtl^l to the centre of jrravity of a float 
toff bpdvl How deepWllI such a bo.iy when sppcifioally lifhler than watpr alwavt 
■nklq the liquid? W^.at name U given to the point at w.M(rh the wliolc huoTancK 
•itbellquid-auijbeeinecflfedtobt^eoDceiitxatefl? "^^ 



hf Ibe tip^frard pnmure: of the watel*. The point at which the ett^ Wekitht 
M a body acts with greatest efTect must be its centre of gravity ; and that 
point at which the sustaiQiAg efibitt ef the Ik^uid are most efTective may b« 
.ermed the centre of buoyaiicy, which must evidently coincide with the cen« 
Ire of gravity of the portion of water displaced by the tloatmg l^xiy— and 
if the Dodv be of uniform structure, with the centre of gravity ot that part 
of it which is under water. A floating b<ydy cannot nininiain itself in a 
state of equilibrium^ tinless its centre of gravity be situated in a Vertical line 
over its centre of buoyancy, or imm^iately under that point. In the former 
oase it will be in the state of instable equiliorium, and in ^e latter m that of 
stable equilibrium. 

17. Hence the necesBtlv of placing iron bars, stones, of other heavy substan* 
xxs in the hold of a ship by way of ballast when it is not freighted, or is laden 
with very light merchandise, m order that its centre of gravity may not bo 
elevated too inlich above its centte of buoyancy. It is not reauisite that the 
t»ntre of gravity should be reduced below the centre of Imoyancy, for 
though such a disposition would contribute to the siabiUty of the vessel, the 
resistance to its passage through the waves would be so great as to make it 
Bail heavily. In determining the proper situation of those points regard 
must be had to the shape ana dimenaons of a vessel as well as to the nature 
of the cargo or lading, and the manner of stowing it ; and on a due atten> 
iron to these circumstances its security and rate of sailing must m a great 
m^aaiilie depends 



HYDRAULICS. '"Z^P 

CXXVIl. Hydraulics is the science whicli treats of 
Ihe motions of liquids, their laws and the force they exert 
upon each other, and upon solids^ 

CXX VIII. The science will be treated under three di»- 
visions. 1. The motion of liquids through lubes and chan- 
nels ; 2. The means of producing motion in liquids, as m 
the various pumps, and other hydraulic engines ; Z^ The 
power derived irom liquids in motion, whether produced 
naturally or artificially : this last department will in** 
elude water- wheelS) and various applications erf walei^ 
power. 

CXXIX. It is well known that water can be set in 
motion merely by its own gravity ; as when it is allowed 
to descend from a higher to a lower level, either perpen- 

What will bp thp relative posUfon of the centre of gravity and of the centre of 
buoyancy of a bo<W flnatlntfa: rest on the surface nf iwuer? Why are heavy arff- 
cle» stowed in the hold rather than on the deck of a vessel 1 CXXVIl. What does th« 
science of £rydnM«(ic»teaeh1 CXXVm. What is the dhiteioD of the subiectt C 
Bim oiB water be pBt in iBottoa, aiul b0w ¥ritt it risealM^ lt»MiHna lavslti 
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dicularly or down an inclined plane. And by an increased 
pressure, as of the air, or by removing the pressuie of the 
atmosphere, it will rise above its natural level. 

In the former case, it will seek the lowest situation ; in the latter, it may be 
forced to almost any height. 

Obatrvation 1 . Water, b v the process of evaporation, is made to ascend 
into the atmosphere in the form of vapour ; afterward it descends in the form 
4>f rnin, snow, or hail. Of that whicn falls on the land, part is abscHbed by 
til.! ruots of vegetables, and port descending into the earth, fonns sobteiTa- 
lioous streams which break out in springs. 

2. Any part of a fluid at rest presses, and is pressed, eqoally in all direc- 
tions. For each particle is disposed to give way on the slightest difeenoe 
of pressure, consequently it presses equally in all directions, hence the Ute- 
ral II equal to the perpendicular pressure ot fluids. 

CXXX. The velocity with which water spouts from 
a hole in the side or bottom of a vessel, is in proportion 
to the square^root of the distance from the hole below the 
surface of the water. 

Example. If at the distance of one foot from the sur&ce, the Telocity if 
1, another hole, four feet from the surface, would give the vdodty of 2, and 
at 9 feet deep there would be a velocity of 3 ; here 2 is the velocity acquired 
and 4 feet the distance, and 2 is also the sauare root of 4, and 4 is called the 
square of 2 ; so also 9 feet is the square of 3, which last is denonunated the 
square root of 9. 

CXXXI. In consequence of the pressure of fluids, 
and the facility with wnich they rise to their first level, 
fluids may be conveyed over hills and valleys in bent 
pipes, to any height which is not greater than the level of 
the spring from which they flow. 

Ob$ervation, It is generally stated in the books, that the ancient Romans 
were ignorant of this principle, and hence constructed aqueducts across val- 
leys at an enormous expense, giving to the water a regular slope whereas at 
the present day a single pipe of cast iron is made to answer the same pur« 
pose, and even hetter, l)ut the fact was not from the ignorance of the ancients 
of the principle but because they had not any materials that would resist the 
prsasura of water in pipes, when descending through valleys. 

CXXXII. Fountains are formed upon the same prin- 
ciple : if, near the bottom of any vessel, a small pipe bend- 
ing upward be fastened, the water will spout out through 
the pipe, and rise nearly as high as the surface of tEe 
water in the vessel. 



What arc the lawn of the pressure of flulrls at rest 1 CXXX. What is the veto 
cky of water spouting from a vessell CXXXL What is aaid of conveyinir vraref 
S^r hills? What id. said of th<> knowledga of the oncieota on this subjeot} CXXXUj 
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flbulratf>n.TUipropo«ilioiiiBillaBtratedm IbtMdneetof hjrdraatUiMbT 
■g. 69. 

CXXXITI. In the passage of liquids through channels 
and through pipes, the velocity is very much impeded by 
friction, aud this is increased with the roughneu of the 
solid surface over which it flows, 

II ooDtrodiclioa to ix- 
•e > imireraal law in 



BluilnUum. "Il has been proved byu, 
mer theori™ on hydrosttiicB, eaya Mr. Lyell, " 

ruaning water that ihe velocilysl ihebattom of a , „ 

than ia suv psrl above it, and ii greater at ibe surlace ; alio that the m 
fidal panieUx in the middle of the slream, move bMsr ^an thoaa at tha 
-'--. Tbia reiardation is produced by triciionajjainBt the (idee and bollom." 
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nepriadple may be illuetra- 

ted by an expenment with a log of wood, one end of which ■■ made haaiier 
ifaan the other bf attaching a BIODe or piece of metal to it, so (bat It will 

^_i. 1. 1. fhiJeihe other end projects >bo»e the ir -^ 

will causa the log la iacline Emraid w 




CXXXIV. The effect of friction is e?en more percep 
lible in the passage of water through pipes than m open 
channels. 

lUittlratwa 1. Thiu, a lead pipe with a amoolh apertatB, under the iBBu 
drcumatances, wii! coave; much mare water than one of wood, where the 
■urfece is rotjgb, or beset wth poinia. In pipes, even where the siirface ie as 
smootli aa glass, there is considerable degree of frictuin, lor in all eases the 
liquid 19 found to run more rapidly in the middle of [he stream than upon 
the sides where it mbs against the tube. Sudden ronis or angles in pipei 
tor conveying watw-, dimuiiah very much the qaanlily dischargad in any 
given time by causing Little oddiee m the currenta behind these angles in *'■- 
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^ irrMfttTLics. 

Iihidit. HeiKse, mftH pipes for eonTarmg water the IwfidB of tbepl|p«ll^^ 
be curves as large as convenient to dimmish the frictioii. 

2. An inch tube of 20C feet in length, placed horisontall^ will discharge 
only one fourth part as iiiucii water as a tube of the same diameter an inch 
in lingth; hence in a!l ca^cs where it is proposed to convey water to adis* 
tance in p\po^, there will be a great disappointment in respect to the qnantity 
actually delivered, unless the engineer takes into account tbs fjictioa, ano 
the turnings of the pipes, and makes lar^ allowances for these drcnmstaih 
ces. If & quantity to be actually dehvered ought to fill a two iaefa pipe^ 
oae of three niches will not be too great an allowanoe^ if the w%ter is lo Im 
conveyed to any considerable distance. 

3. In practice, it will be found that a pipe of two inches in d^snuNi^ one 
hundred feet long, will discharge about five times as much water m out 
of one inch in diameter of the same length, and under the same pressue. 
This difference is accounted for, by supposing that bodi tubes retard the mo- 
tion of the fluid, by friction, at equal distances from thdr inner sur6M»i^ and 
oonsequently, that the effect of this cause is much gieater in proportioo, in 
the small tul>e, than in the large one. 

CXXXV. Friction is further illustrated by the passage 
of water through the sides or bottoms of vessels. 

Illustration 1. It has been ascertained from experiment that a greater qnan- 
tity of water will be discharged in a given time from the side or bottom of a 
vessel, through a short projecting tube, than from a simple aperture of the 
same dimensions. The tube, however, must be entirely without the vessels, 
as in fig. B, for if it is continued inside, as at A, the discharge will be lessen- 
ed instead of being Bugmented. 

2. Much also depends on the figure of the tube and that of the bottom d 
the vessel, since more water will Bow in the same time through a conicAl or 
bell-shaped tube as C, than through a cylindrical tube. 

3. A still further advantage was gained by having the bottom of the vessel 
lotmded as in D, and the tube bell shaped. 

Pig. 87. 

W W VJ \i 

CXXXVI. The second division of hydraulics, includes 
the various means of producing motion in liquids. This 
head embraces all kinds of engines used for raising watei 
to a higher level as pumps, &c. 

CXXXVII. All the different methods hitherto adopted for 
raising water, may be comprehended under five heads : 1st, 
the direct application of mechanical power, as the common 

* — 

What illustration by an inch tube 200 feet long 1 What proportion will be found 
ra practice 7 CXXXV. How is friction farther illustrated ? Give the first and ssivond 
HJMtrationsT CXXXVI. Describe the second division of hydraulics. CXXX V I I 
What are the different methods hitherto adopted to raise water 1 



rope and windlass; 2d, bynieansof thepreaBureoftheair, 
aB in common aurking pumps ; 3il, by compreeeion as in 
forcing pumps ; 4Ui, by weiglit or moraentum of ihe water 

CXXXVIII. Prol)abiy one of ihe earliest procesBes 
'resorted to for raising w&ter, was the common bucket and 
rope, either raised by the hande, or drawn up by a wind- 
lass, as in our common dmw-wclls. But the compara- 
Uvely email quantity of water that can be raised at once 
by the use of a single bucket confines its employtneDt to 
domestic or occasional puiposes. 

CXXXIX. The chain-pump is a much, more e£Scient 
engine, thiMigh very similar in its mode of action to tho 
preceding, 

niiufrnf UB. The Iwure Mow indicBles ths fonn of lliia mWtitDi and eon- 
eiMs of • numlxi of tUl plites or ditdia of wood or msMl, usinllj Bqnara, 
■nd connected locctba (hriHigb their centres bf ui iroa rod, WLlhjoialB be- 
IwccB each bwinf, eg a* to perniil ibem in turn whh nCMiy (lie Mune freo- 
dam at if thtj' were coaneoted by s lAtia. By ■tlBchtnt: a winch (o the 
npper wheel, these disk^ ar plclt^s drawn up by the revotving •-Jiein, farm so 
B>any buckets filled with uatef, which tliey can-f up and diicfaai^ 

■■ ' ' " I on ■h^board, 

machine mar be aet 



B ihey commonl/ate on ah^boafl, in 

in inlo the sea. The machine mav be ae 

wbed. ' 



ehatn-pump w^j not with grtaler cAecI wheti the cylinder a 
liQueli' than wkea iU dicoMioa ii exacdy vertical. 
Fie- 98- 
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CXL. The lupe-pump ii a less effi- 

lent iiKxIificatiuu of tin; chain-p'.im;) 
V/ or biickcl-cngiiic. It is composed oi 
wIiccIh, one under water nnd anulhpr 
a))ovi! w.iUsr. Fig. &9, a b, and ibis i» 
liirjioJ I'J' l!ic craiik d 

Ttie mpu tfepenlJ* uaed br tlu* putpoM OM- 
nIhIs uf luiiHL'l/ HiHii iiorKhair, or yarn, and pru- 
iliK'i » iiH i'll>;<!i l>y tho fdciion of the rope widiibe 
lirjiiici mill 'I'licnila nInioM eniirtly upon the gMl 
tflliiiliiy iif iIm; iiioliuii. 

Obmrcaliim. ThiB oppuniLU* i« but a tudeqietii 
Iff liuckiit iiiitnii, unci by no meaiia dewrvin; thi 
jiUitc il liiin liiriiicrly licul is Hie list ur kj^drauiic 

lUO'.'lUUI.H. 



CXIJ. Tlifi cachlioH (ir Archimides' screw, said to have 
bm;ii iavunUiii liy lliin pliilosiiplier, was used for draining 
llio lanitii "1" i'lgypt uboni SOO years before the Christian 
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CXLII. ThftBecood diTieion include* ii 
to raise water chiefiy by means of the pressare of the 
atmosphere, and comprises the various kinds of pumps, 
and other engines used for this purpose. 

CXLIII. Tlie COMMON or suction puMf consists of a 
pipe open at both ends, in which ia worked a moveable 
piston, tiiat fits the bore exactly, and is provided with two 
valves, one in the piston which is moyeable, and the other 
below it which is £xed ; these are called by the woikmeo 
the upper and lower boxes. 

F^9L 



JSuifnifion. The 
inc pipes A and E. I 
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of two faolli>w eylin 
..am beU>w in > pofo 
freely in- ■- "=- 



the bdiTel or body of ihe pump, the piston B, moves air-ticbt verdcilt]', tnd 
b]F iu valve C openiag upwara, it permila tbe wBier to pass sbova it and be 
dwcharged Bl the ipout. Now suppose the piston to be >t tha boiMm of Iba 
barrel in contact wiih the valve D, on liTtingthe former by dqtreasinsitvB levec 
handleof the pump, c»nneclcd with the pislon-rod at F, llie valve C will b* 
ohwed by the pressure of the air above, and a vacuum brang ihos Jbrmcd in the 
batrel, the same pressure on IhesurfBCe of the water m the well, willdrive it up 
the suction-pipe, and raising the valve D, itae water will enter the eihaaslea 
ice by depressing the piston the valve D will bi 

~ " "■ --••-, discharged i „ 

>l be to (baa a parnal vi 



A* Iwn4 itf Dm psBp, md Aa appa- pwt of dw pfas ^ kid if wifl k «df 
m&ar tlie whole of the inctuded an bu been axpeUad througfa tba pMa» 
TalTe, and replaced by wster in the pipes, tfast the liqmd begins to Sow, (tu 



CXLIV. The suction-pump cannot raise water beyond 
the extent of the action of atmospheric pressure, the ut- 
most limit of which is about thiily-four feet. 

nbutnUion. Tberelbie the height of the valve D, tbove the lord of ibi 
mter in ihe weII muil Dover exc^d ibal dislaace ; ajid unJeaa the pmnrlx 
■kmbmIt cenimicted, ao tAst the piMon in its descent flta close to tb) 
bollom of the barret^ so Bfl to fonn a perfect vacuoiBin its ascent, thewsM 
\rill not rieo 10 the eitreme height in Ihe niction-pump. Iimusi apiKsr same- 
whKt paradoxical, that though this «iB ha the effect Khen (be putnp ia Id iba 
best workine order, the valves, and pipes being air-tighL yet a pump, the «K- 
lioa pipe of which baa been damaged, so that a small quantily of air cdn 
enter, wilt raise water nearly twicaaa hj^ as ngoodoump. 

In ihisinalatice thecoluml ef liquid becamea much ligbler &om thesd- 
muilure ot air, and thus reqdres less preasure and force to elevate it. 

CXLV, The third method of raising water is that ot 
the forcing-pump which consists of a barrel, a plunger, 
and two fixed valves, that should be air-tight, and so dis- 
posed as lo let the wain freely rise, but prevent its 
return. 

Bhitlratum 1. The upper portion of the barrel which contains the plonga 

■nd the first valve has a aide-pipe hranchiag; ol^ as represented in (he BgaH 

Fig. 92. below, having al a short distanoa from its origin the senmd 

valve, both valves opening iq>ward. Now if the plungn be 

''" -"epresseii to the loiver valve, and then raised, that will opei^ 



>1 pipe remaiDs closed, antl (fas 



preaanre of the atmosphere on tlia water in the well will c» 

il to rise a little and eii)el a port of the air thraush the fint 
valvei the piston then b^ng lowered that valve will clnse^ and 
the ail above It be expeUei through the other valve; tbus 
ever; devation ot the piston will make the water rise high« in 
(he cylinder (iQ it has eipelled all the air, and it wQl canaw 
quently at the next tifUng of (be pialoi^ pass above the fint 
valve, and lbs piston being again lowered, as the liquid cannot 
desc^lcl, the valvs bong cloaed, it will be farced into the latnll 
pipe, throu^ iu valv^, and as it is prevented from ratunuDg 
, again bf (hat valve, it will continue to ascend with every dowa> 
ward snolie of the piston, and may thus be raised to any 
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tm, >nd hcMcn called ihg a>r-(Ai>mt<r. Iliii lir, tiaiH 
ction of tke pluajir nising the Dolimin of natar cgiiinM 



by its own eUalic fbroe upon the lurface of the liquid u 
■arrow lube, ind thua keepq np antqusble atreaiD. 

CXLVIi^ The t»iaimon fire-engine is merely a doubls 
forciDg-pui^ so contrived as to throw a continued stream 
of water. 

ibutraUsit. It coiuiBHeasenlialljr of two hati^ditV, it 
twapioioas movB petpeAdicukrlr being attached tr ■^' — 

nflin of liquid eteadily fbne* it through tL_ 
ibe pipe p, paaaea up the ,two faairela throngk the lalvea plaMd a 
low the pwiQBVt tm thie**" '*"* ■*"* -i»-nk*™K,* -* -tk.* u ^ r^ 
uroogh tkepifiee. 

fig. 93. 



ng attached ta the end! M Wmfciu 
f 111 elaalidtx, tn^qttf npoS the oof 
Fi the pptft. ThotHiti entering bj 
Lhroagh the lalvea plaMd a little b»- 
e air-chamUt d, i#hett it a fbroed oU 




GXLVit "iFhe fourth kind of engine for noemg lim6t 
is that which acta ei^er by t)ie gravity of a portion of tbtf 
water to hi raised^ or by centrifugal force. This in" 
tdudes the/oKTitam irf Hero, Ihe centriJugalpump,;Bitid 
the Belter f^^dfauti^ne or hydraulic ram of Montgolfier. 

CXLVIir. The fountain of Hero or Hungarian pump 
produces its effect by a confined portion of air, and the 
pftSffllre ilp6»i' it of a high columtf of Waters 
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JUuatraiian. Its constraetioii will be tmder 
stood by fig. 94, but its form may be yaiied ac* 
cordiDg to the fancy or taste. Tlie boxes a and 
bf together with the two tubes ce, are made air* 
I tight, and strong, iu proportioii to the height 
it is desired tlie water should rise. To set the 
machine in action nothing more is necessary 
than to shut the cocks a and J] and open the 
cock hr from which the air prenously contained 
in the lower chest will escape, and its place will 
a be filled up by the water below, which will pass 
f!^ through the valve contained in the bottom of 
lower box and opening upward until the chest 
bj IS completely filled. That done, the air-cock 
/i, is to be shut, and the water-cock^ opened, 
when a column of water, equal to the full 
height and pressure of the dstem^ will rush 
down the pipe, and by filling the cnest a^ will 
expel its air, which has no other opportumty ol 
escaping but by the open pipe e, down which it 
will pass, and produce a pressure on the surface 
of the water in the lower chest, eoual to the 
entire height of the column^ and the air thus 
thrown into the chest &, bemg in a condensed 
state, will force the water previousljr in that 
chest up the pipe e, from whence it will be dis- 
charged at d. The lower chest 6, will now be 
fiUeawilh air, while the upper chest a, will be 
occupied by water : therefore, the cockyj must 
be shut, and that at a opened, when the whole of the water from a will be 
discharged, and will give the air in 6, an opportunity of returning aeain into 
a through the pipe, c ; and as the ah* from b escapes, its place will be occu- 
pied by a new charge of water, which will rise through tne valve^ contained 
m the bottom of the chest &, and again fill the lower chest, and pr^are it for 
a second discharge. 

Obseroaiion, The machine now described was called the Hungarian machine^ 
because it was once employed in draining a mine at Chemnitz in Hungary ; 
:he force with, which it acts depends on the relative length of the pipes 
«/and Cf and et the mines above mentioned a curious and surprisinff pheno- 
menon takes place on opening the stop-cock A, after having forced all the 
v^ter from the box b : tne Water and au* will rush out at A, with great vio- . 
lenee and the drops of water by the great cold produced from the sudden ex- 
pansion of the an: are instantly converted to hail or lumps of ioB^ issumg 
with such violence as to pierce a card of thick pasteboard like a pistol-baul' 

CXLIX. The centrifugal pump is 0, machine construct- 
ed to raise water by means of the centrifugal power. 

lUuatratum. It has several difTerent forms, one orthe most simple of which 
is shown at fig. 95, in which g h represent an upright spindle, so fixed, that 
fttpid rotatory motion may be communicated to it by tne winch t, and k m 

What is the observatkm on this inachhie 1 What Is the eentrifupa pompi 




lepruBDt any number of curved pipes (<^ach of which conlaitiB one vbIts 
opening upward) ho diapoeed and fixed lo the apindle, thai iheir lowest ends 
may bo near to il, and be covered by Ihe water to be raised j aud their upper 
ends, which ore quite open, are extended to a oonsidetabie distance from the 
centre of inoiion, and finally bent downward to prevent the dispersion of 
the water. The several curved pipes muet be filled with wsler, which will 
be retained in them by their bottom valves, and are then put into rapid mo- 
tion by turning the winch, when the higher ends m m, of the pipe will da- 
scribe a mach larger circle than the ends below, and consequenlly such a 
centrifugal force, or tendency to fly off and empty the pipes, will be induced 
at the upper ends aa will produce a vacuum, capable of raising a column of 
water, ilii, ii a circular pan or reservoir %o receive the upper ends of all tha 
pipes and the waier they deliver, which runs otT by spouts at nn. This 
machme, according to theory, should deliver water with a Telocity nearly 
. equal to that with which the upper ends oT the pipes mov^ but in practice it 
has fiuled of producing very ail van tageons effects. 

CL. The Belier Hydraulique or Hydraulic Ram is a 
macliir.e to raise water by means of the momentum of a 
cnvrenl of water suddenly stopped in its course, and made 
to act in another direction. 
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Observation. As thifl machine produces a kind of intennittm|r motion 
uom the alternate flux and reflux of the stream accompanied with a noise 
arising from the shock, its action has been compared to the butting of a 
ram ; and hence tho name of the machine. 

Description. The essential parts of the hydraulic nun, as exhibited by 
Montgolfier are repfesenied in the marginal figure. A, is a head of water, 
connected with the tube or tunnel B, closed at the extremity G, but haTing 
an aperture at D, to which is adapted a valve formed by a bal| of porcelain 
or copper, hollow, so as to be not more than as heavy again as an equal 
volume of watet, itnd supported near the orifice by a sort of muzzle or cage. 
F, is a reservoir of tib, with an opening fi:om the tunnel 6, and a valve E, fit- 
ted to it, but lifting upward, ana prevented fi'om dk^lacement by a muzzle 
over it. From neat the bottom of the air-vessel F proceeds a pipe O, which 
may be continued to any given heieht to which it is requisite that the water 
should be raised. The tube B is caUed the body of the ram ; the tube G the 
tube of ascension ; D the stoppage valve, and E the ascension valve. 

Now the fornMI^ valve being opened and the latter shut when the water 
begins to run, it M first escapee through the stoppage valve D, but soon ac- 
Quirinfir a momentum, horn the accelerating vdocity of its fall, it drives 
the ball D against Aeopeningf and stops the passage m that direction; the 
reflected stream* theft strikes up the valve R, and water enters into the air- 
vessel F, throu^ l&e aecensloh valve : the ball D, as soon as it is relieved 
from pressure, fells into its muzzle, and makes way for the water again to 
escape through the Stoppage valve, while the other valve closes through its 
weight and the reaction of the compressed air in the reservoir. The renewed 
momentum of the stream presently shuts the stoppage valve, and lifting the 
ascension valve, more water enters the air-vesseL and as soon as the orifice 
of the pipe G beicomes covered, the pressure of the air drives the water up- 
ward ; for that which has been admitted through the ascension valve can- 
not return, and more being added at each Btxoke of the engine^ it may bt 
graduaUy raised to an indennite height. 

Fig. 96. 




CLI. The third general division of the subject of Hy- 
draulics includes those machines or engines used for com- 
municating motibn by means of water which is the power ; 
such as water-wheels. 



WhatisthecbservMtkxll Give the descrlptloD. CIJ. What is the third jeMMl 
division of hydraulics. 
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XLVl. Water-wheels are divided into three classes ; 
the undershot, over-shot, and breast wheel. The under- 
shot-wheel is said to be of earlier origin than the others ; 
and it is likewise the most common. 

Fig. 97. 




MttdraJdoii, It consists, as is shown in the above figure, of a wheel dn 
the' periphery Of which are ftxed a number of flat boards at equal distances, 
And set at right angles to the plane of the wheel. They are called float- 
boards; and uie wheel is so placed that for its lowest point is immers- 
ed in flowing Water, and is set in motion by the impact of the water on thd 
boards as they successively dip into it. As a wheel of this kind will revolve 
in any stream which furnishes a current of sufficient power, it may be used 
where the descent of the water is by far too trifling to turn a breast- wheel, 
much less an overshot-wheel. 

CLIII. The overshot-waterwheel, takes its name from 
the fact that, the water shoots over it, and acts by its weight 
as well as the force of the current in turning the wheel. 

Kg. 9&- 




CLII. Into how mativ classes are water-wheels divided 1 What name Is chren to 
tlmt part of an undershot- wlieel whicli receives the impaet of the water ? ui mbA 
sitii:uions is the peculiar advantage Qf this kiind of wheel to be obtained 1 OLQIi I>t> 
Kcrihff the overanot-wheeL 
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Uhulratiim. This bind or wheel, u ma; be conceived from ths piecsSm 
figuns can only be used where a ciinsldenible fall of wgter can be nbuinar. 
On its perinbery nre fixed a tiuniber of cavitiet ualled buclceis, being cioasl 
on bo!h HidBs, bill hiiTin" opuninga, bo thm ihe water, conducted by > ieicl 
[rough of ihe same breadth willi the whed, niny fit) each bucket tn succ»- 
aian, as it reaches Ihat point in ihc circuit of the wheel at which the vo^l 
of llic water can begin to act on iia circumffrence. Pmni Ihe peculiar foim 
of llie bucketa they retain tiie water partially lill they have descended ta 
near iJio lowest point of th^.' circuit, and having dischargeil thar contenu 
ihio (he tail-Etrcani, they ascend on llie opposite side tn t« filled as beioiBi 
As the ovetshat- wheel rei]uirca Ihe grealeet fall of water to make it act, u 
la it lihewise the most iKiwciful with reference to tho efiect produced, by the 
moinenium of Ilowing water. 

CLIV. Tlie breast-wheel is one in which the walei 
falls upon its float-boards, about on a liorizontal level wiili 
ihe axle or sliafi of the wheel ; it is therefore a sort of 
machine having an intermediate character compared with 
the undershot and ovcrshot-whee!. 

llh>lralUm. It haa fjoat-bonrda like the former, but they are conTerted 
into hucltels somewhat after the manner of those in the chain-pump, an they 
move in a cavity adapted to ilie circumference of the wheel, as shown in Ihi 
cut below. ThewatcrpasGCS through ihia cavity, entering it nearly on alevd 
with the axis of the wheel. In tliis case the Iiqiud acts chiefly by its weight: 



to lie peculiarly adapted for the pucpoE 




CLV Ihc m-irhine called Barkers mill is construct 
ed on what i% called the pnnciple of reaction of water, 
and was ii vented bv Wr Barker in thf 17th century. 

Deieript on 1 It cona b s of a ho low cyl uder a, {fie 100 > enlarged at 
top into ■ funnel b in o wh c water s d scl a ged by hs ube b, and pai»- 

CLtV. DMtrlbe ttio hreut-wh^el- CLV. Seiwibe Barker'a lollL 
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►wn the cylinder escapes through the small apertures n & o, near 
tremities of the arm ; the apertures being on opposite sides of the 

o start this machine nothing more is necessary than to fill it ^th 
by the tube b, the spouting streams will communicate rotary motion 
vertical cylinder. Tlie action depends not on the pressure of the 
agamst the atmosphere, as sometimes stated, but on the hydrostatic 
re of ihe column of water in the cylinder a, which exerts great force,' 
interior of the hollow arms n&Of and that force beii g removed from 
nts whenever the water spouts but not from the corrospondine points 
te to the apertures, hence the pressure on those points causes the ma- 
o rotate in a direction opposite to that in which the spouting cur- 
loves. It may be easily attached to, and made to turn other ma- 
r. 



PNEUMATICS. 



LVI. The science of pneumatics treats of the weight, 
rure, density, elasticity, and compressibility of the 
sphere. 



is it set in motion, and what is tl)e principJo on which It act& ^ CLVl Qe* 
ueniatica. 

8* 
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CLYII. By the atmosphere we mean that aerial or 
gaseous fluid which every where covers the surfoce of 
the earth to a depth of forty or fifty miles, and which ii 
known under the names oi air^ common (ur, the atnuh 
sphere, Sec. 

CLVIII. The distinction between liquids and thoM 
more elastic fluids called air, gas, vapour, or steam, de* 
pends, it is believed, chiefly or entirely on occasional 
causes, and especially on the temperaiture and pressue 
to which they are subjected. 



lUustration 1. Thus water is a liquid when exposed to the ordmiry 
perature of our atmosphere, but if heated until it boila it becomes an elutv 
niud like air, 

2. Fixed air, or carbonic acid, when exposed to the preflsare of the atoM* 
sphere is a gaseous fluid, but when put into a close vessel and pressed with i 
force of 600 pounds on every square inch of the vessel it becomes atnnf* 
parent liquid. It is believed indeed that all the gaseous bodies could be Ikpi* 
fied either by great cold or pressure, or by both combined. 

CLVIX. The atmosphere is essentially composed of 
two simple gases called oxygen and nitrogen ; by meas- 
ure, 100 parts contain about 20 of oxygen, and 80 of 
nitrogen. 

Ohaeroation 1. This atmosphere is necessary to animal and vegetable fift^ 
and to combustion ; it is a very heterogeneous mixture^ being fiUad nithvik 
rious kinds of vapours. 

2. The heiffht to which the atmosphere extends has never been enedy 
ascertained ; out at a greater height than 45 miles, it ceases to raflect lot 
rays of light from the sun. 

CLX. The air is not visible, because it is perfectly iUranf 
parent : but it may be perceived on moving the hand in it. 

Example \, The existence of the air rnay be ascertained by swinging dw 
hand edgewise swiftly up and down, which gives the idea of squurmtuig tfas 
parts of some resisting medium. 
, 2. Any swift motion, as of a stick, or whip, or fan, proves the existence d 
air as a resisting medium. 

CLXI. Air is 815 times lighter than water, and 11065 
times lighter than quicksilver, but the whole atmosphere 
presses on all sides like other fluids, upon whatever w im- 
mersed in it, and in proportion to the aepths. 
— . — - 

CLVII. Define the atmosphere. CLVni. WTiat is the distinction between IkniidB 
■nd elastic flaids 1 Illustrate by vrater, also by carbonic acid. CLIX. What l« the 
epinposition and proportions of tlie atmosphere 1 What are the observatiaiiif 
CLX. Howii the preiiure of air ascertained. CUCI. Wliat Is tliewelriit ofdl 
*Bd how does It prsssi 
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.^ jB!Mmpl«LItiBW6llto<mBthatthepres8iireof theav 
:' mountain than fxpon a plain or valley. It is on this principle that poopla 

* complain of shortness of breath, giddineBS and a sense of oppression on as- 
^ eencung a very hifh mountain as Mont Blanc, Chimborazo, &c. Here the 

air is so rare&d that the pressure of the blood and other fluids in the body, 
' is greater than that of the air without, and produces the unpleasant sensa- 
tions above named. Baron Humboldt, on ascending point Chimborazo, 
found that the blood was forced through the pores of the skin, and that 

* breathing became exceedingly difficult, compelling him to return immediateiy 
, l6 the lower regions, where the superior pressure of the external air was 

Sufficient to counteract that of the fluids within the body. 

2. The pressure of the air may be thus shown : cov^r a wineglass com- 
pletely filled with water, by a piece of writing paper; then place the palm of 
the hand over the paper, so as to hold it tignt and accurately even. The 
idass may then be turned upside down, and the hand removed without 
the water running out. The pressure of the air upon the pap^ sustains the 
weight of the water. 

3. It is the pressure of the atmosphere which sustains the mercury in the 
Urometer tnbe. 

On the Mtface of the earth the water boils at 212 degrees ; on Mont 
ttanc which is fifteen thousand feet hich, it boils at 187 degrees. These and 
many other experiments show, the higher we ascend fi'om the surfoce of the 
aartt^ the leas is the atmospheric pressure, 

CLXIL The air can be compressed into a less space 
than it naturally occupies. 

Exptrimeni 1. Take a glass tube open only at one end, and it is of course 
foil of au'. . Plunge the open end into a bowl of water and the liquid will 
liae to a small height in tne tube, showing that the ah* is compressed into a 
tmaller space thanlt naturally occupies by the upward pressure of the water. 

2. Let a small cork be placed on the surface of the water, within the in- 
TBTted tube used in the last experiment ; the situatioA of the cork will show 
the height Of the liquid within the tube and consequently how much the air 
has been oompvessed. 

3. On this principle the diving-bell is constructed, by which persons are 
wwhled to dMcetid into the dep&g of the ocean, and recover Tahiable articles 
tet atom the wreck of vessels and other accidental causes. 



THE DIVING*BELL. 

The diving-bell consists of a heavy vessel in the form of a bell with the 
inouth downward and generally constructed of cast iron or of wood, the 
latter loaded with wdghts to make it sink. It is usually furnished with 
riidves and seats on the skies for the convenience of those who descend in 
it ; and several strong glass lenses are fitted into the upper part for the ad- 
mission of light There is likewise a stop-cock, by opening which the air, 
tendered impure by respiration, may from time to time be discharged and 
rise in bubbles to the surface of the water ; and provision must be made for 
the regular supply of fresh air, which may be sent down through pipes fi'om 
one or more large condensing syringes, worked on the declt of a vessel 
above or by the person in the bell. The bell must be properly suspended 






tee the eamt/lts. CLXfi. Is atr compressible 1 What 
if WiM Wit fBiiSlil WKh a fltftk 1 Describe the diving-bdl. 



ezperimenft to prove 
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from a crane, or croflB-beam, funuBhed whh taflUaa of pnUtyi, AatltBil li^ 

• be lowered, raised, or otherwise moved, according to circumstances. |*\ 

4. Some interesting experiments were made a few years since on the & 1^ 
glish frigate Huzzah, sunk at Hell-Gate, between the city of New Ycok and I e 
Long Island sound in about eighty feet of water; the yessel was sunk di* 
ring the Revolutionary war. A great variety of articles were obtained bj 
means of the diving-bell. 

5. Some curious inventions, for the purpose of submarine nai^iffation,hife 
been invented in the United States. Robert Fulton, the successnil mvenlor 
of the steamboat, contrived a machine of this kind, called a Torpedo; md 
David Bushnell invented a submarine vessel in which a man mj^t paas a 
considerable distance under water ; and by means of this, and its aooom- 
panying magazine of artillery, an attempt was made to blow np a j^idik 
vessel m the harbour of New York, during the late war with England.* 
This project appears to have failed merely from the difficulty or ratmsr im- 
possibility of attaching the magazine to the bottom of the ship, which was 
attempted by means of a sharp iron screw, which passed out from the top 
of the diving-machine, and communicated with the inside by a water-join^ 
being provided with a crank at its lower end, by which the eneineer was to 
drive it into the ship's bottom. The machine anbrding no fixed point to act 
from, the power appUed to the screw could make no impression on the ship; 
and thus tnis bold adventure was disconcerted. 

CLXIII. The air is of an elastic or expanding nature, 
and the force of the spring is equal to what is commonly 
called its weight. The spring, however, operates in all 
directions, and is as powerful in small as large bulks. 

Definition. When a substance is either compressed into a smaller bulk, as 
happens on sitting down upon a well-stuffed cushion, or extended, as on 
pulling a piece of India rubber, and after the pressure in the one case^ and 
the extending force in the other, the cushion and the rubber bound back to 
their previous stiate, they are said to possess elasticity. Of this propertYl 
shall give a few illustrations, without, for the present, inquumg into ON 
cause. 



* For a descriptTon of this curious eiurine, see a paper on '* Sabmarine Novtaa 
tion," by Charles Griswold, in the American Journal of Science, voL U. p. M. 

What experiments on the frigate Huzzah 1 Describe the method of Bushnell fee 
blowing up an enemy's shijps. Why did this plan prove unsuccessful 1 CLXIIL 
Wiiat is said of the nature or the air 1 Give the aeilnitMm and the ejmsrioMiits 1 awlA 
CLXIV. What is Windl ^^ ■ 



Experiment 1. Fill a bladder with air by blovdng into it, and in this 

the bladder is highly elastic ; it proves also that air is as much a sabstanes ' 
as wood or metal, for no force can, without breaking the bladder, brinff die 
sides together, though the parts of an empty bladder may be squeexea ints 
any shape. 

2. Open a pair of common bellows in the usual manner, and then atop die 
muzzle securely, and no force can bring the parts together, without first DB- 
stopping the muzzle, or bursting the leather, another proof that air iaaaiBB- 
pervious substance. 

CLXIV. Wind is air in motion, and its force is accozd* 
ing to the velocity with which it moves. 



■fau u«iuiTonnd«dbywa(er,^iidUT«mDdinonntihat 
■a ore we, and all otberland aoimala, surrounded bj aii^ and liie and 
in it. A fish which is takeu out of ihe waler, will die In a iihon dmei 
human being, or any oliieT biuribI tsken out of Che aeiial fluid, will in 
il die much looner. 

Ihe progreaaiTe molion of water trom one plB<;e to another, is called a 
tf of water; bo Ihe piogteBsive motion of lue almoBpherical iiiriacall- 
geaeral teind, which, accordinft to the diHerent Telocitiea of that fluid, 
» particularly spedfied by the appallalions, bruxe, ginUt viind, gait, 

LXV, Air-pumps are machines constructed for the ''i 
ose of exhausting the air from close vessels, generally ' 
d receivers 

Elg. 101. 




riraJfon- The above flgure eihibila a seclion of an air-pump, from 
. it may be perceived thai i[ esaenlialty consiata of two exhauslms syi< 

ao arrang^ thai ihey can be worked alternately. The ayringes are 
■d A A, and their pistons are moved up and down within the barrela, 
1 rocks or toothed rods R B, adapted to correaponding teelh on the peri-.. 

of the wheel C, having a winch or handle M, by which it may be 
1 so aa to raise and depress either piaion Huccessivelv. Each ofthepis- 
) furnished with a valve by which the aireacapea as the piaion deacends, 
re other valves D D, »I the bottom of each barrel, which become 



dver. From the tube E passes uff another tube O, the extremity of 
I opens into the beil-sbaped tube K, within which ia a bdibU ba»ii H, 
ining mercury, and the small tubel, closed at (heupper end only, baa 
*er end plunged beneath the aurfaee of the mercury. At L is a alop- 

he lynngei, and which must iherefore be opened while the machine ia 
. action. Another slop-cock, not shown in the figure, closea a passage 
gh which the e^tlemal air may be admitted under the receiver, when the 
of an eiperimeni has been ascertained. 



CLXVI. Th« elastic force of air is shown in thafidUsp, 
ing experiment : — 

Exptrimtnl 1. Place tinder the recmei of an a 



It half Gl 



with nl 



and firmly tied 



*!' 

tbs DMkwMMwi n 

fradakUr, the uJi n 
vitbioitl Mditik** K 



will be Been to Bwell, from (he eir.anBion of [he ai , _„ 

hauslion be cunlinuej lone enough, the bladderwlU bunt, (tDm IhsA 
force of the air it coalniii^ no longer munleibftlaiiced by pmain Ml 
exlernal nirfacc. 

2. A square or lint gloat vial, filled with air, well corked and Catteani •) 
wico, if placed under the receiver, will crack Iroia ihs expaiuionof Att 
wilhinit; as Boon ee the preaaure ia withdrawn from ila aurfac* bvtlu^ t 
hiuslion af the recover. A vial nf the uniel shape would realK nme ^ " 
plied inlernnlly or externally, much heller than one With fl«t miim, in vm ' 
quenco of its arched fi^re; hence the globular or hemispheticll ahapea 
the receiver, lendcra it beat adapted for ila ptirpoae. 

3. Shrivelk-d apjiiea, prunes, or raisins, with their akins unbmken, wIm 
placed under a receiver, on the air beuig exhausted, will become plump fion 
the elnalidty of the air included in lliaae fruita \ and thiia a bunch of dnJ 
niainB mnv be made lo assume the appesi^nce of a fine cluaier of grapo, 
and a similar njiparenl renovation may be eftected an the apples and pruMl 
but on readmitting the air into the recover the fruita would all reaumelbl . 
wrinklea which betray iheii age. 

Fig. 102. 

"^ ^. U a large glass glohe with an opeti mouih haVe a pisM^ 

bladder lied over it, so aecurely that the air within it cannot » 

capo while the bladder remains whole, and it be set under art- 

ceiver, white ibe air isbeins withdrawn from it, that within iIh 

globo will eipand by lis elaelic forca and raiae the bladdjertol 

convel shepts ilialeniling it more and irlore as the Bihausbon in" 

CTuassB, till at length the bkdder will b« ruptured, and the ai ' 

ihe globe will expand itself throueh the receiver. 

S. A very amueinfi exhibition of the effect produced by the «L 

I tidly of (he air mn^ be mnile by means of the apparatua rqvr 

I sentnl in Ihe margin. Hollow glass figures, abau[ an inch tti ^ 

a half in length, rcsetnblinu men or women, must be ptocais^ 

onch hnvine a hole in one foot, and tlie f^nss must be of sudl. 

9 thlckncpa tlist the figures will floel neaj the surface of vnM 

I when ihey arc filled with common sir. They are (ben to be ini- 

mersed in n tail gtaMjnr nearly filled with water, and covered on 

the top wilh a sirong bladder, fastened air-tiglit. If the blndd* ',' 

, I now be pressed inwards with the finger, the wstcr being almost 

incompretiibU, and the air t]uiic Ihe reverse, thai contained m ■ 
the Utile Images will yield to the compressing fiirce, and becoming con tTBCteC^ ' 
water will enier, ond the imsges thusbeeommgepeciGcally heavier than thv ' 
were bi first will descend towards the boltotn of the jar i on the pressor* . 
■hove being removed, the air in each image recovei^ng its elastic fi>rM^ wil 
expel the waier, and the images will rise as before. By ibrong a Hid* -.' 



Is the elufielty at ihe air pnml by ihs rxjierliin^l of ih 



' a n-crhrpr, ani! th* 



: iiiay the Inips be loai 
at to be eqilj|ill«tl 
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■lar, BBJlwstsllwaVMk , 



Ito one or two of the figiu^e before they are placed in te jai^ they 
nly be made to float at diflferent heights ; and thus their motioni 
greatly varied, by regulating the presaure on the bladder. Theaa 
iges are called the bottle of imps. 

e efiect of air acting by its elastic force on the surfiu^ of water may 
asly exhibited in the formation of ieU cPeaUt ^^r spooting fountains^ 
rong decanter be filled to about naif its height with water, and a 
be of small bore be passed into it nearly^ to the bottom, and fixed 
, going through a hole drilled in a cork, with a piece of bladder tied 
md round the tube. This bottle is then to be placed under a tall re* 
n the plate of an air-oump ; and on the receiver being exhaustedi 
within the bottle will expand, and pressing on the surfiKce of the 
ause it to issue from the top of the tube in a jet, the height of which 
rfoportioned to the degree of rarefaction of the air undef the receiver. 
.103. 7. Compressed air may be made to produce a sitni-* 

lar effect, which may be thus displayed : a strong bot- 
tle somewhat more than half filled with water, as re- 
presented in the mar^ai figure, by the line D E, must 
nave a tube A C fittmg into its neck, and capable ol 
being opened or closed at pleasure, by turning the stop- 
cock B. A condensing syringe being ada^ed to the 
tube at A, and the stop-cock opened, air is to be forced 
into the bottle, which risinff through the water, will 
"^ by its density press strongly on the surface of that 
liquid } then after turning me stop-cock the S3rringe is 
to be removed, and a small jet-pipe beine fitted to the 
tube A, the stop-cock is to be opened, andthe elasticity 
of the condensed air in the bottle will drive up the 
liquid in a jet, the heijght of which will gradually di- 
minish, as the included air, by its expansion, ap^ 
I nearer and nearer to the density of the external air. 
mall vial with a welUfltted cork, having a little tube or a stem of a 

Sipe passed through it, and reaching nearly to the bottom of tha 
y filled with water, will on blowing strongly into the bottle through 
i exhibit ^ects precisely analogous to those of the apparatus jvM 

rce a hole in the small end of an es:g, and with this part downward 
3 e^ under the receiver of the air-pump, and exhaust — the expansion 
ibbIS of air contained in the large end will force the eontenta. from 

common experiment among bovs is made on the 'same tdnciple. 
piece of thick spongy sole-leatner, cut it into a circular lorm, and 
the centre pass a string; wet it thorou^^hly, and place it flat on a 
mrfiice; then try to polfit up in a perpendicular direction. Aiwcuumis 
n the centre, wnile the edges are pressed down by the weight of the 
.eie. In thia way a smooth stone of many pounds weight may be 

lot of the common house-fly is formed in the same manner which 
it to walk with ease upon the walls and ocihoga of our rooms, 
le elastic force as well as the compressibility of air is illustrated in 
wring experiment i— 




the cmistrtietldn of %» Jet cteau. How is the force of air applied in the 
ed air fouDtain 1 Expfiia the experiment with the egg. Wbai ia tne •«» 
wHh the spDOgy leatlierl 
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Fig. 104. 

This bent tube a 6 c <£, flff. 104^ is open at both ends. 1 
have poured mercury into the tube so as to rise in bodi adil 
of the tube c and 6 ; the part from c d^ is full of air it tb 
common density ; I stop up d^ so as to make it air-tight, tad 
pour mercury into a so that the column of menniry ah, imHbf 

yd equal in length to the height at which it stands in the baion* 
» eter at the time. The air m the shorter leg will now becom- 
c pressed by the weight of the atmo^here^ and also with ao 
additional equal weight of a column of mercury; and the 
mercury in the shorter leg will be risen to & and e e^ is oolf 
the half of d c; that is, the pressure of a double atmospnere contpresBes 
the air to half the space which it naturally occupies. If another ecpnl 
column of mercury, were added to the length a 6, the air in d ^ would bers* 
duced into one fourth the space that it formerly occupied. 

12. Set a cup of water in the exhausted receiver of an air-pump, and whea 
the air is nearly exhausted from the receiver, the water will have all the sp- 
pearance of boiling, in consequence of the expansion of the air and lU 
rising out of the water. 

13. Beer a little warmed, will from the same cause, whilst the internal air 
is being exhaust^, have the appearance of boiline. — ^Thus it may be shown 
that air is contained in water, animals and vegetables. 

14. To a cylindrical piece of wood, fasten a small piece of lead, so as tr 
make it specifically heavier than water, and place it in a vesseF of wata 

I under a receiver ; upon exhausting the air the wood will swim ; some psrbdei 
\ I of air escaping from the wood and thereby diminishing its specific gravity. 

\ CLXVII. The air presses upon the surface of the earth, 
and upon all other bodies about it with a force of about 
14 1-2 pounds on every square inch of surface. 

Observation 1. A man of ordinary stature will hence be loaded widi a 
weight of about forty thousand pounds : we do not feel inoonyenienosd firomit 
for a reason before stated, namely the fluids within the body press outward 
and counteract the pressure of the atmosphere. A fish in the de^ sea sos* 
tains a still greater pressure without inconvenience. 

2. The pressure of the airon the body is strikingly proved by partiall| 
removing it. Let one of the fingers for example, be pushed to the bottom 
of a thimble and withdrawn so as to expel all tne air and to reodmit little 
or none, when it will be found to press on the tip of the finger, so as to be 
even painful. In the surgical operation of cupping, the air is driven out from 
under the cupping-glass by the fiame of a spirit of- wine-lamp, and every body 

• who has expenen(^ the operation must recollect well the painful pressura 
of the class forced on the skin by the surrounding air. 

3. The most celebrated expenments of this kind were made by Galileo, 
Torricelli, Pascal, and Otto Guericke. Galileo discovered that a pump 
would not draw water at a greater depth than about thirty-two feet— Uie 
alleged limit of Nature's aborrence of a vacuity, to which it was in these 
days absurdly ascribed, instead of the true cause, the pressure of the w. 
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TorricellpB iogenknii ■ubetitution of quicksilver for water in the eipebm^^ 
led to the inventioii of an inatniment called the Barometer^ for estimating 
the atmospheric pressure, and Pascal verified the correctness of the explana- 
tion by performkig the experiment on the lofty smnmit of the Puy de Dome 
in Auvercne, where of course the ah: was found to press lighter than in the 
valley beu>w. Even now, this very e]q>eriment is dailv made for asoertun- 
tn^ the heights of accessible mountamS) as well as ix indicating changes 
ofthe weather. 

Fig. 105. 4. A more exact estimate of the weight of the atmosphere 
^^ may be formed by attending to the result of an experiment to 
show its effect on the surface of two hollow hemisphoes, from 
which the air has been extracted by means <^ an air-pump or 
exhausting syringe. These hemispheres, constructed of brass, 
should be furnished with handles, or hooks, by means of 
which they may be suspended ; one of which may 'be fixed, but 
the other should be movable. In the tubular neck to which 
this handle is screwed is a stop-cock, which being opened, and 
the handle removed, the hemisphere is to be screwed on the 
pump-plate, or on to an exhausting syringe; and the other 
hemisphere having been fitted to it, a vacuum is to be formed 
in the interior by working the pnmp. The stop-cock must then 
be turned so as to prevent the re-entrance of ain and on un- 
screwing the brass globe, and refixing the handle, it wiO be 
found that the hemispheres composing it are firmly united by the pressure 
of the external air. Suppose the diameter of the globe to be six inches, the 
surface of a section through the centre would be about twenty-eight inches 
square ; and hence the pressure of the air upon one square inch oeing known, 
the force requisite to separate the hemispheres, supposing the exhaustion to 
be nearly complete, mignt easily be computed. 

5. This is usually termed the Magdeburg experiment, it having been origin* 
ally contrived by Otto Guericke, of Magdeourg^ the inventor of me air-pump ; 
and it appears to have led hira to that important discovery. For the man- 
ner in which he originally conducted the experiment was by filling the space 
included between the hemispheres, when preened together, with water to ex- 
pel the air, and then pumping out the water, wbue the air was prevented 
irom re-entering by turning a stop-cock. Having thus ascertuned the fact 
of the existence of atmospheric pressure to a great degree, ho proceeded to 
the invention of the air-pump, by means of which the exhaustion of the 
joined hemispheres could be mucn mate readily and conveniently efiected 
than by the operose process he had at first adopted. This mgenious 
philosopher operated with two copper hemispheres, nearly a Magdeburg ell 
m diameter ; and the amount of pressure on such an extent of surface was 
eo great, that when the interior cavity had been exhausted, the separation 
of tne ilemiqiheres could not be efiected by the strength of twenty-four 
horses, twelve being harnessed together on each side, and dragging in oppo* 
Ate directbns. 

CLXVIII. If a glass tube thirty-one inches long having 
one end closed, be filled with quicksilver, and nave its 
open end immersed in a basin of the same liquid, the 
quicksilver will sink down to about 28 or 29 inches in 
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the clofled end of the tube, leaving ao emp^ space of ma 
or three inches which' space is called a vacuum and the 
instrunient is called a barometer. 
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CLXIX. The use of the barometer is somewhat limit- 
ed ; and It is difficult to give any accurate rules as to the 
indicatious of the instrument : tne following have been 
t^en from the Libr^ of Useful Knowledge : — 

I. Generally, the rising of the mercury indicates tba 
approach of fair weather ; the falling of it that of foul 
weather. 

Z. In hot weather the fall indicates thunder. 

3. In winter the rise indicates frost, and in frost the fall 
indicates thaw, and the rise, snow. 

4. If fair or foul weather immediatelt/ follows the rise 
or fall, little of it is to be expected. \ 

6. If fair or foul wealher conlinue for some days, whila 

DtKriba tbs tihitl baramtltr. CLXIX. Wim it «Jd of Uie lun of lh» l»™ow«rl 
B«|iMi ibaeHcniliDleilaMdBimb .i._t_.i- 
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the mercury is falling or rising, a continuance of the con* 
trary weather will probably ensue. 

6. An unsettled state of the mercury indicates change- 
able weather. 

By these rules it will be seen that the words engraved 
on the plate are frequently Calculated to mislead me ob« 
server. Thus, if the mercury be at much rain and rise 
to changeahlcy fair weather is .to be looked for. Again, if 
it be at set fair ^ and fall to changeable, foul weather may 
be expected. 

CLXX. The altitude of the barometer varies from 28 
to 31 inches, but it is rarely below 28 1-2 or above 30 1-2. 

CLXXI. As all parts of the atmosphere press upon each 
other, the air near the surface of the earth, is denser than 
that at sTome height above it« 

Observation 1. It is computed that the air at seven miles high is aOB 
qaarter as dense as it is at the sur&ce ; at 14 miles one sixteenth ; at 21 
miles one sixty^foul'th, &c. 

2. On this principle the heights of mountains are calculated hy means of 
the barometer, but so many corrections ate necessary that the results are to 
be considered as only approximations to the truth. 

CLXXIL The elastic force of air is finely illustrated in 
the instrument denominated the air*gun ; which consists 
of a barrel like that of a common gun, and a hollow me- 
tallic ball near the breech, into wnieh is condensed by 
means of a forcing-pump a large quantity of air. This 
air being discharged in small quantities at a time, into the 
breech behind the ball, forces it forward with great velo- 
city. 

OhaenaUan 1. It is Somewhat remaikable that this instmment shoaU 
have been in use before the disoorery of the air-puinp or barometer. It ap- 
pears to^haye been known in the time of Louis jCIIi. of France. 

2, From what has been already stated on the density and elasticity of air, 
it will follow that all bodies on the surface of the earth sustain a sraasi 



from the superincumbent atmosphere equal to the weight of a commn of 
water, about 34 feet in heieht, with a base corresponding m extent to that of 
the body or bodies pressed upon. This pressure may be estimated at from 
14 to 15 pounds on every square inch of surface, b^g the weight or a col- 

CLXX. What is the altitude of tlie barometer 1 CLXXI. Where is the air deni 
est 1 What is the rate of dimination of the density of tlie air as we ascend 1 What 
la said of calcalating the heights of mountains 1 CLXXU. Describe the alr-i 
Whatiflsaidof the history of the ■faT'f on 1 What weight do bodies ob tl» i 
of the earth austainl 
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nmirof mercury 30 inche* high, tnd 1 inch sqoaie at the baie; hence a 
column of water 34 feet hich, a column of quickeilyer 30 inches, and a colr- 
omn of air 45 miles high, wul each weigh the same^ that is, about 15 poundit 

3. Some idea of the weight of the ^hole atmosph^ encompassing the 
earth on every side, may bi finrmed from a calculation which has been mads 
to determine what must be the diameter of a sphere of lead, the wdght of 
which would be equal ta that of the entin atmosphere : ana from wmch it 
ap{>ears that the sphere must have a diametv BMrly 60 miles in length ; 
which would corree^nd in weight with -a mass o£ water sufficient to cover 
the whole surfiuse of the earth to tibe height of 34 feet 

CLXXIII. Aerostatics, or the art of nayigating the 
atmosphere, depends on the specific gravity of different 
gases or of the same gas at different temperatures. 

CLXXIV. The common, or air-balloon ascends by be- 
ing filled with a gas or air lighter than the same bmk of 
atmosphere. 

CLXXY. Ballooni are of two kinds— one, filled with 
common air rarefied by heat; and thus made lighter than 
the surroimding air : the other is filled with hydrogen, a 
gas nearly fifteen times lighter than air ; the latter is the 
only one in general use. 



Observation 1. The balloon was mvented by Montg[olfier a French paper 
manufacturer, in 1782-3, who first "filled a paper hae with heated aar and let 
it pass up through the chimney; afterward the baUoons were made of var- 
nished silk with the mouth open, and directed downward and a light wire 
ffrate, filled with combustibles lighted and suspended at a little distance be- 
fow. The air within the balloon rarefied by the heat becomes much lig[hter 
than the same bulk without, and causes the balloon to ascend with consider- 
able velocity ; such balloons are fi:equently constructed at tiie present day by 
boy& 



2. Balloons filled with hydrogen are fiie^piently sent up of a snfficient sixe 
to carry up two or three persons at a time. An ascension was made iroia 
Paris in 1004 to the hdght of twenty-three thousand feet, the createst hdght 
to which man has yet penetrated by means of balloons. The following 
wood- cut illustrates the form and general appearance of modem balloons 
with the manner of suspending the car, Ac 
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CLXXVT One of the most interesting of the schod 
unosementB u the exercise of the paper*kite. 

C%.109. 
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chore from a veaad woedLed on a rocky coast ; ajod a few fetau ago, a Mr. 
Pocock, of London, made repeated experiments^ by means of which he as* 
certained the possibility of travelling in a carriage drawn by twopaper-kites, 
supported at a moderate elevation, and impellea by the wind. The elevation 
of the paper-kite in the usual manner, with a line attached to a loop on the 
under side of the machine, is satisfactorily elucidated by Dr. Paris, who has 
shown that the ascent of the kite affords an example of tiie composition of 
forces, tfie mode of action of which is exhibited in fig. 109, on page 102. 

2. The kite is here represented rising from the ground, the line W denoting 
the direction and force of the wind, which fidling on an obliqae sur&ce, win 
be resolved into two forces, namely, one parallel with it, and another per- 
pendicular to that surface, and the latter only, represented by the line Y, 
will prodnoe an effect, impelHng the kice in the direction O A; and the ten- 
sion of the string at the same time, in the direcdon P T S, will cause the 
machine to ascend in the diagonal O B of the parallelogram O A B T. The as- 
cent of the paper-kite not only depends, as may be thus perceived, on the 
same principles as those which govern the movement of bodies on inclined 
planes ; but it may be idso be fairly affirmed that the path of the kite in 
rising is an actual mclined plane, up which it is drtfwn, by the tension and 
weignt of the string. 

A well-constructed kite may be made to ascend when there is little or no 
wind stirring; for, by running with it held by the string and inclined obhque- 
ly, the air on its in&rior surfieice will be compressed, just as it would be by 
running with an expanded umbrella agamst tne wind, and by letting out the 
string at the same time the kite is drawn up an inclined plane, formed by 
the compression of the air. immediately below iU 



ACOUSTICS. 

CLXXVII. Acoustics is the science which treats of 
the nature, phenomena, and laws of sound. ' It includes 
the theory of musical concord and harmony, and is, there 
fore, a valuable and interesting science. 

CLXXVIII. Sound is the vibrating or tremulous mo- 
tions of a sonorous body, communicated through the air 
to the drum of the ear, and thence to the brain. 

CoroUary. Hence every body while sounding must be in a state of vibra- 
tion, which vibration is communicated to the air and propagated by it 

Observation 1. I^ when a piece of artillery is fired at a distance, some dust 
floating in the air, or a cobweb be closely inspected, it will be seen to be agi- 
tated at the instant when the report is heard. This proves that the v3)ration8 
of the air travel with the same velocity that sound does, and that it is bv 
means of these vibrations striking on tne ear-drum that sounds are conveyed. 



On what principle is the ascent of the kite explained 1 CLXXVH. What Is Acons> 
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104. ACODsncs. 

2. Each vibration of the sounding body is in turn propagsted to the parlh 
cles of air nearest to it. and thence to the more distant until it reaches those 
particles in contact witn the dnnu or tympanum of the ear, a fine membram 
stretched across the ear, and these particles in performing their vibratioiu 
strike the tympanum, and this agitates the air in the cavity behind it, which 
communicates the movement to a chain of four small bone& and tbeee 
again communicate it to tlie auditory or hearing nerve^ by which it is ooa- 
veyed to the brain, and there excites in us the idea of sound. 

CLXXIX. The principal causes of the variety of sounds, 
are : — 

Firsty the ereater or less frequency of the vibration. 

Secondly, The quantity or force of the vibrating mate- 
rials. And, 

Thii'dly, The greater or less simplicity, of the sounds. 

Hence arise -the height, the strength, and ihe modifi- 
cation of sounds. 

Observation. When sounds are equally acute, they are said to have the 
same pitch ; but when they difibr in acuteness, that sound which is riuiiler 
is said to be acute, or have a higher pitch ; and that which is less shifll, is 
said to be graver, or to have a lower pitch, or a deeper tone. A diftocnce 
in pitch, fonns the chief character by which musical sounds are distingiudied 
from each other, and is the foundation of their use in music 

CLXXX. The vibrations of a sounding body continue 
for a longer or sliorter lime, according as the body is 
more or less elastic, or as it is thicker or thinner. 

Fig. 110. Example. When a string of uniform shape and 

^ quality, is stretched between two steady pins; 

..;::;5f5^::.,... oud fixcd to them, as a 5, fig. 110, if it be drawn 

iil<j;:!!!Olf::::::::::::::-??i::rr;ifH b ^^^ ^^ ^^^ natural or quiescent position a 6, into 
''''U^;::-"-:::":ii:''' '*' the station acbj and then be let go, it v^ in coa- 

^^^"- -••' sequence of its elasticity, not only come h&dn to 

^ its position a b, but it will go beyond it to the 

situation of ad b^ or nearly as far from a &, as a c 6, was on the other sida 
All the motion one way, is called one vibration ; after this, the string will go 
again nearly as far as c, maldng a second vibration ; then nearly as far as 
d, making a third vibration, and so on ; diminishing the extent of its vibra- 
tions gradually, until it settles again in its original position a 6. 

Observation 1. During the whole of these vibrations, the strinff wiU fwci- 
bly act on the air, and produce corresponding vibrations in it, which, reach- 
ing and entering the ear, produce on the nerves therein, the sense d 
sound. 

2. The following experiment indicates a curious accordance of vibretbi^ 
and proves that the air reacts in the exact law of the original vibration :~ 



What the second observation 1 CLXXIX. What causes the varietv of aonndsl 
^^XX. On what does the continuance of the vibratkma depend, for a loncer « 
•norter time ? How may this be illustrated 1 ^^ 



Pig. HI. ExperimerU. Divide a ttring as a d^ fig. Ill, into 

A fr C nt ihi^^ ^ual parts, a 6, 6 c^c (2, by pladng dots ate and 
V i I ■ ! ^ ; place a bridge like a violin bridge^ at b, also place 

light bodies, such as small bits of paper, at c, and 
other places of the part b cL Then draw a violin bow over the part a 6 ; we 
shall nnd that all the bits of paper will be thrown off from the part b d^ ex- 
cepting the one atc^ showing mat the point c remains at rest, whilst the 
remainder of the stnng is vibrating, just as though c also had a stop, as at b. 

CLXXXI. Sounds in general are conveyed to the ear 
by means of the air ; but water is also a good conductor 
of sound ; as are tinaber and flannel. 

Experiment 1. A bell rung under water, returns a tone is distinct as if 
rungm air. 

2. If we stop one ear with a finger, and the other by pressin^^^t close to a 
long stidL or piece of deal board, and a watch be held at the other ead of the 
wood, the ticking will be heard, be the stick or board ever so long. 

3. |f we tie a poker or any piece of metal to the middle of a strqp of 
flannel, about two or three feet long, and then press with the thumbs or fin- 
gers the ends of the flannel in the ears, while we swine the poker against an 
iron or steel fender, we shall hear a sound like that oi a very heavy church 
bell. 

4. If two persons stop their ears, they may converse with each other, by 
holding the two ends of a stick between their teeth, or, only resting ^e anew 
of the stick against their teeth. The same may be done by a series of stioka, 
with the ends touching each other. The same effect n also produoed if the 
end of the stick rest on the throat, or breast, or if one end of it touch a vessel 
into which the other speaks. In tne last instance the sound is most distinct 
if the vessel is capable of a tremulous motion, as one of glass, beli-metal, or 
copper. 

Sound may dso be conveyed from one person to another by a string 
stretched between their teeth. 

CLXXXII. Sound moves at the rate of 1142 feet in a 
second, or about thirteen miles in a minute.* This is the 
case with all kinds of sounds, when conveyed by means of 
air : the softest whisper flies as fast as the loudest thunder. 

* The velocity of sound, as here stated, is in accordance with the deterininatioii 
l^en by Dr. DerhanL who is considered as having made the peatest number of ac- 
eurate and diver^fiea experiments. There is considerebte diflference bbsenrable in 
file resultfl obtunefd by dflTereot philosophers. Cas^ni and the other Frencn Acade« 
miciaas, esttmaled the -velocity of mmad at 1107 feet per second; the OMBbers of 
dM Cioreniine Aeadexny, at 1148 ; Chose of the Royal Academy of 6ci«M»efl^ 1172 Pa 
fiflAn feet; Gaasendus computed it at 1473; Mersenne, at 1474 ; DulnuDiel, at 13384 
Newton, at 968; according to some very accurale experimental 1130; «id Derham, 
at 1142, which corresponds with Plamatead and Dr. Hallev'a determination. The 
Board of Longitude renewed the experiments in the month of June, a year or two 
since with all possible precision, when it was found that the velocity of sound in tho 
afa*, at the temperature vfBtT Fahr. differs very little from 1044 feet per aecond. 



CLXXXI. What other substances, besides air, convey the vibratory motion of sono* 
row bodies 1 What illustrations are given of the power of liquids and sdUds to con- 
duet aounds? CLXXXIL What is the estimated velocity of eound* through tbm 
•irl 
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Ob»trviUum. The velocity of sound has been applied to tii* meaaurament 
of distances. 

1. A ship at sea in distress fires a gun, the light of which is seen on shore 
20 seconds before the report is heard, therefore it is known to be at the dis- 
tance of 20 timee 1142 feet, or httle more than 4^ miles. 

2. I see a vivid flash of lig^htning, and if in three seconds I hear a tremendom 
clap of thunder, 1 instantly know that the thunder-doud is only two thirds 
of A mile distant, I should therefore reta« instantly from anjr exposed situa- 
tion. 

3. The pulse of a healthy person beats about seventv-six times in a 
minute ; if, therefore, between the flash of lightning and tne thunder, I can 
feel 12 3 4, &C. beats of my pulse, I know the cloud is 900, 1800, 2700^ 
3600, feet from me. A still better method is by a watch having a second hand. 

CLXXXIII. Sounds are capable of being reflected by 
hard bodies, or plane surfaces ; and this reflection pro- 
duces what is called an Echo ; sound, like light, after it 
has been reflected from several places may be collected 
into one point as a focus, where it will be more audible 
than in any other part ; and on this principle whispering 
galleries are constructed. 

Observation. In the reflection of sound, as well as of light, the angle of 
reflection is equal to the angle of incidence. By the same law, therefore^ 
■ound may be collected into a focus. 

Experiment 1. If the pulses of air conveying sound be suffired to impiiige 
on a concave surface, the reflected vibrations are converged into a foeos. 

2. The same eflect is produced whenever a number of plane surfiaoes are 
so situated that the reflected sounds meet, and cross each other at a certain 
point If the ear be placed at this point, the sound will be audible in pro- 
portion to the number of surfaces so placed. The famous wfaiiq)ering gaUeiry 
at St. Paul's, London, is constructed on this principle. 

CLXXXIV. Speaking-trumpets, and those which are 
made to assist the faculty of hearing in deaf persons, de- 
pend on the reflection of sound from the sides of the 
trumpet, and also by its being confined and prevented from 
spreading in every direction. 

Observation 1. A speaking trumpet, to have its frdl eflbet, innst be dneeted 
in a line towards the nearer ; the report of a gun or cannon is much loodcr 
when fired towards a person, then one placed m a contrary direction. 

2. The human voice is produced hj tne expulsion of air from the liniA 
and by the vibration excited in the air, by a very small membrane called tte 
glottis^ in its passage through the trachea or windpipe; and by the sobtSs 
modification of the mouth, tongue, and lips. 

To what practical purposes can we appi/ the uniform yeloclty of sound 1 CLXXXIIL 
Wlial is said concerniniE tlie reflection or sound 1 How is the sound of an BcIm p^o* 
duced '/ On wliat principle are Whispering GaUeries constructed 1 Wiiat is obse rved 
or plane and concave surfaces .in converginfr sound into a focus 1 CLXXXTf. Oi 
what principle are Speaking-iyumpets constructed 1 How fs the human volee pr» 
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3. Sm^^g is pea&rmed by a very delicate enlargement or oontrtetkm of 
iie glottn, aided likewise by the moath and toagiie for articidation. 

4. In string imtruments the air is struck by the string, and the vibn- 
tions of the air produce corresponding sounds in the ear ; but in pipes^ the air 
is forced against the ades by the breath, and its vibrations or tones produced 
by the reaction of the sides. 

CLXXXV. An echo is the reflection of sound striking 
against a surface fitted for the purpose, as the side of a 
house, a brick-wall, hill, &c., and returning to the ear at 
distinct intervals of time. 

Observation 1. If a person stand about 65 or 70 feet finm such a BDr&c& 
and perpendicular to it, and speak, the sound will strike against the wall and 
be reflected, so that he will hear it as it goes to the waU, and again on its 
return. 

2. If a bell, situated in the same way be struck, and an obsenrer stand 
between the bell and the reflecting surface, he will near &e sound gcnng to 
the wall, and again on its return. 

3. If the sound strike the wall obliquely, it will go off obliquely, so that a 
person who stands in a direct line l»etween the bell and the wail, will not 
bear the echo. 

CLXXXVI. Concord is a succession of sounds ihat 
excite in the ear certain agreeable sensations. Sound is 
therefore the subject matter of musical science. Har- 
mony is the coincidence of two or more soimds, which by 
their union afford to the mind pleasure and delight. 

Observation 1. Concord arises from the agreement of the vibrations of 
two sonorous bodies; so that some of the vimtions of each strike unon the 
ear at the same instant. 

Thus if the vibrations of two strings are performed in equal time& the 
same tone is produced by both, and they are said to be in Xmisim, If the 
vibrations stnke the ear at difierent times there is no unison. 

2. Concord is not confined to unison. In this case no variety of tmies 
would be produced. It is the efi^ of agreement between vibrations. 

Mlustration. If the vibrations of one string are double those of another in 
the same tune, the second vibration of the one^ will strike upon the ear at 
the same instant with the first vibration of the other ; this makes the con- 
cord of an octave, 

CLXXXVII. Two Strings of equal length, tension, 
and thickness, by performing their vibrations together, will 
sound the same note, or be in unison. Two pipes of Ae 



What parts are concemed In the modulation of the voice in sindnc 1 How does 
the production of sound by pipes differ from tliat by strings 1 CLXXxV. Whst Is an 
JScAo J How is an echo account 3d for 1 What is observed concerning the reflecttcm 
of sound and light following the same laws? CXLXXVI. What is CkmcordlTnia 
wlwt does concord arise 7 Bow are harsli jarring soonda or 2Xso0'^P>va«eed1 



lOb ACOUSTICS. 

same length and diameter^ will agree in the same mannei. 
Large instruments and long-strings produce grave or deep 
tones ; small instruments and short strings produce acute 
and high tones. 

ObstrvaHon 1. In the case of the strings, the ahr is struck by the body, 
and the sound is excited by the vibrations ; in that of the pqies the body 
is stnide by the air, but as action and reaction are equal, the efl^t is tlifl 
same. 

2. Let a musical string of any length be divided into two equal parts by a 
bridge in the middle ; and the sound" of each half is dght notes^ or an oc- 
tive, higher than the tone of the whole stnng. 

(hgan-pipes produce grate or acute tones in proportion to their length 
and size. It is the shortest string of a harpsidiora or piaao-forte whieh 
yields the highest notes. 

CLXXXVIII. Sounds may be conveyed to a much 

S eater distance through a continuous tube, than through 
e open air. 

lUustratum. Pipes are used in hotels and in tbe parlours of oar piivtto 
dweUings, running from one room to another to convey orders to the 
servants. 

Dr. Herschel employed a nmilar tube attached to his forty feet telescope 
for communicating nis observations to an assistant who sat in a small hoose 
near the instrument*, and thus under cover noted them down, and the pa^ 
ticular time at which they Were made. 

ObaervaHon 1. The tubes used to convey sounds are called Aeoutik 
tabes. 

2. One of the most ingenious deceptions of this kind was an ezhibitioii 
which took place at Paris several years since and afterward in London, ap- 
propriately styled the Invisible Lady, since the apparatus was so contrived 
that the voice of a female at a distance was heard as if it oiiginated from a 
hollow globe not more than a foot in diameter, suspended freely from wooden 
framework, by slender ribands. 

A perspective view of the machinery, and a plan of the ^obe and adjoin- 
ing parts as constructed by the inventor, M. Charles, aiegiveDon page Iw. It 
consists of a wooden frame, much resembling a tent bedstead, formed by 
four pillars A A A A, connected by upper cross-raits, B B, and similar raiu 
below, while it terminated above in four bent wires, C C, proceeding fix>m 
the ancles of the frame, and meeting in a central point The hollow copper 
ban, IVf, with four trumi>ets, T T, issuing from it at right angles, hang in tho 
centre of the frame, beih^ connected with the wires alone by four narrow 
ribands, D D. Any quoenon or observation uttered in a low voice close to 
the open mouth of one of the trumpets elicited a reply which ndghilM heaid 

from pn of them, the sound being perfectly distinct, bnt weak, as if it' 

emitted by a very diminutive beuig. 



CLSXXVn. Under what circnmstaoces win two strings or two pipes be in Unborn I 
Row is an (ktave concord produced 1 CLXXXVUI. In what manner may i«>tinds'ba 
conveyed to a gr<>ater distance than through tho open airt What is remarked eon* 
eerning ]>r. Herscbera method of coBunimicatin; his observations t» «i asstataat 
I>es6ribe the Invisible ImOj- - 
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3. The real speaker was a female concealed in an adjoining apartment, and 
the means by which her voice was made to issue from the globe in the man* 
ner stated, were at once very simple imd ingenious. Twq of the trumpet 
mouths, Ti, T2, as represented in tne plain, were exactly opposite apertures 
leading to tubes in two of the cross-rails, which meeting at the angle A, 
oi>en^ into another tube descending through the pillar, ana which was con- 
tuiued under the nbor into an adjommg: apartment, where a person sitting 
might hear what was whispered into ^uier of the trumpets, and return an 
appropriate answer by the same channel. This mactiinery differs from ths 
fM»mmon speaking-tubes, preyiously noticed, merely in the addition of the 
ht)llow ball and trumpets* by means of which the voice is reflected from the 
cavity of the ^obe through the trumpets Ti, T^, into the tube of communi- 
cation ; and thus the effect produced is rendered abundantly mystenons to 
tHoae nnac(piainted with the principles of Acoustica. 



OPTICS. 



CLXXXIX. This science treats of the laws of lig^t, 
and of Tision. 

Ohaervatum, lie term optics is derived from a Greek woti agilifyinff 
1^1 -aec^ end is-eCten divided into three department^ : Catoptrica. or reflected 
^ffht; Dioptrics, or refracted light, and ChromaHa, or the phenoBiena of 



f^jiours. 



CXC. Light is that principle which through the organs 
of sight, produces in us the sensation of vision, or in other 
words, renders objects visible. 



CLXXXEK^ Define optics and the dlvMon of the Babje&\ CXC. ]>efine Bfht, 
ItetbeoriesofH. 
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UO orrioa. - 

CXCI. Two theories have been gi^en to explain the 
phenomena of light. According to one, light consists of 
a great number of particles of matter, emanating from 
luminous bodies in all directions, and that these particles 
are exceedingly small. According to the other, all space 
is filled with a fluid incomparably more rare than the air 
or any other fluid, and which is denominated a luminous 
ether, and that the undulating motion in this fluid produces 
in us the sensation of vision, as sound is transmitted 
through air, or waves over the surface of water. 

Ohatrvation, Both of these theories have had powerfiil adTOcates. New- 
ton and philoflophers generally during his day, and until about the middle of 
the last century, advocated the theory of emanation; since which time, the 
theory of undulation has been gradually gaining ground. M. Arrago, Sir 
John Herschel, and Sir David Brewster who are at the head of this oi^part- 
ment of philosophy, are advocates of the undulator^r theory. Still, most of 
the facts may be explained by either ; some more rationally by the 'first, and 
others, by the second 

We shall not advocate either theory in these pages, became either of them 
will account for all the phenomena of light. 

•CXCII. A Ray, or Pencil of Light, is any exceedingly 
small portion of light which comes from a luminous body. 
A Beam of light, is a body of parallel rays ; a Pencil of 
rays, is a body of diverging or converging rays. 

CXCIII. Any body which is transparent, or which 
affords a ready passage for li^ht, is called a transparent 
medium, as air, glass, water, &c. Bodies which do not 
allow the passage of light through them, are called opaque, 
as stone, wood, &c. Translucent, is where light is trans- 
mitted, but where objects cannot be distinctly seen, thus 
a thin sheet of writing paper is translucent, but not trans- 
parent. 

CXCIV. Rays of light which, coming from a point, 
continually separating as they proceed, are called uiver^ 
ging Rays. Rays which tend to a common point are called 
Converging Rays, When the lines m which they move 
are parallel, they are called Parallel Rays. 



What observations on these theories 1 CXCII. Desciibe a pencil of llgfaL beam <s 
Ught, and pencil of rays. CXCUI. Wbar is a medium, an opaque Mr 1 CXOIV 
vefiiM dhrerginf, converging, and parallel rayg. 



OPTICS. Ill 

CXCY. The point from which diverging rays proceed, 
is called the radiant point ; that to which conyerging rays 
are directed, is called the focus. A ray of li^t, bent from" 
a straight course in the same medium, is said to be m- 
flectea ; when turned back on the surface of a body, it is 
said to be reflected ; and, when turned out of its course as in 
passing out of one medium into another, it is said to be 
refracted. 

CXCyi. Light moves in straight lines, in every direc- 
tion, from a luminous body, the rays or lines diverging in 
their passage, and forming what is called a pencil oi light, 
as seen in the wood cut. 

F!g.U3L 




That liglit moves in straight lines^ may be shown by the following experi- 
ments:— 

Experiment 1. Let a portion of a beam of light be interested by any bodv } 
the sliiadow of that body will be bounded by straight lines passing from the 
hmnnous body, and meeting the lines which terminate the opaoue body. 

2. A ray of light, passing through a small orifice into a dark room, pro- 
eeedfrin a strei^t line. 

3. Rays will not pass through a bended tube. 

CXC VII. A similar effect may be produced by admit- 
ting into a darkened room, through a minute aperture in a 
window-shutter, the light of the sun which would be per- 
ceived proceeding in a diverging bundle or pencil of rays ; 
and on presenUng to it a nat board, a luminous image 
would be formed, increasing in diameter with the increase 
of distance from the aperture at which the plane was held, 
and which, by variously inclining the plane, might be made 
to assume elliptical or other curved figures. 



CXCV. Define the radiaift point, the focus, the reflected, inflected, and r^fraeted 
iwr. CXCVL How does U(ht move-HUid what eiperimenta to prove the positiOBi 
CXCVn. What ejq>eriment may be prodoead in a darkened room t 
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CXCVIII. Images of variously shaped bodies seen by 
light thus admitted through a small openiiiff are always in 
a reversed position, in consequence of the obliquity or 
divergence of the rays of light. 



Fig. 114. 




lUuatration, That this effect must take place will be readily perceived from 
the preceding figure, which shows that the rajrs in passing tnrou/^h the open* 
ing must cross each other, and thus rays coming from the supenor parts of 
objects, impinge on the relatively inferior portion of the plane, and those 
from the higher parts strike on that portion of the plane, below the other 
rays ; the spectra or images produced must consequently be inverted. 

CXCIX. The rays or vibrations of light are progres- 
sive, and move with a velocity much greater than that of 
sound ; for the flash of a gun, fired at a considerable dis- 
tance, is seen some time before the report is heard. The 
clap of thunder is not heard till some time after the light* 
ning has been seen. 

Observation 1. If the transmission of light were inBtantaneooi^ it miut be 
obvious that the reflected li^ht of the sun would take up no more time in 
passing from any one of tne planetary bodies to the earth, when thij are 
nrthett from us, than it does when they are nearest; and as tfa^sitaation of 
the earth with respect to the other planets is different in different parte of 
her orbit, the satellites of Jupiter, on emerging from the shadow of that 
planet, would be seen as quickly when the earth was in one part of her Cfibit 
ae in anothier. But this is by no means the case ; and the meet of the trane* 
mission of light is such, that when the earth is between Jupiter and the mmn 
ib» satellites, after being eclipsed, are perceived rather more than eight min- 
tttee soooer than they ovght to appear aooordine to the time as calculated 
by the most accurate tables ; and when the earth is in the apposite fMurt ti 
her orbit, so that the sun is between this planet and Jupiter, the aatellites 
emerge about eight minutes later than the calculated or mean time. 

In the annexed diagram, let S represent the sun, A and B the earth te 
different parts of her orbit, J, Jupiter, D, his nearest satellite enterinff the 
shadow of that planet, and C, the same satellite, emerging from the shinow* 



OXCVIU. What is said of the reversed position of images 1 CXCIX. Hoir is tt 
voted that tht motion of light is profresslve, and not instantaneous 7 
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F!g. lis. Now the time of the commencement or termina- 

tion of an eclipse of the Batelfite, as stated from 
calculation in tables, is the instant at which the 
satellite would appear to enter or emeige from 
the shadow, if it could be seen by an obsenrer 
from the sun : and it is found from repeated ob- 
serration, that the eclipse takes place about 8 
minutes earlier than the calculated period, when 
the earth is in the nearest part of her orbit, as at 
A, and 6 minutes later when she is in the opposite 
part of her orbit, as at B. Hence it will oe ap- 
parent that light takes up 8 minutes 'in passing 
through a space equal to half the diameter of the 
earth's orbit^ or the distance between the earth 
and the sun, which is nine-five millions of miles ; 
so that it moves at the rate of 95,000^000-1-9X60 » 
197,916 nearly 200,000 miles in one second. 

2. On account of the progressive motion of light, 
it is evident that if a luminous body were sudden- 
ly placed in the heavens, at the same distance, for 
instance, that the Sun is from us, we could not 
possibly see it before the lapse of about 8i minutes ; 
and if the Sun were suddenly annihilated, we 
should not discover the phenomenon, until about 
8J minutes had elapsed. Also, if any of the fixed stars were suddenly de- 
stroyed, their appearance to us would be the same for about three years. 

Again, when we perceive a celestial object, we do not see it exactly in the 
place where it actually is ; but we see it in the place which corresponds to the 
change df place by the Earth, during the progress of light from the body to 
tiiel^rth. 

CC. The particles of light must be exceedingly small, 
if they are particles ; or the force of the vibrations must 
be very delicate ; otherwise their velocity would render 
their momentum too great to be endured by the eye with- 
out pain. 

CCI. The quantities of light, received from a luminous 
body upon a given surface, are inversely as the squares of 
the distances of the surface from the luminous body. 

lUustraiion 1. Thus, mipoose a candle to be placed at the distance of 
one yard from the face of a oial or time-piece, the light thrown on it may be 
represented by the number 1 ; if then it be removed back to two yards, the 
%ht will be but i as much as before; at 3 yards 1-9, at 4 yards 1-16, at 5 
yards 1-25, at 25 yards 1-625. 

2. This reduction of light, in proportion to the distance of the luminous 
body, is the necessary effect of the divergence and consequent dispersion of 
tha radiant pencil ; and hence it may readily be conceived, than an incon* 



What remark on Jupiter's satellites 1 What on the sun and fixed stars, and what 
on die real and apparent place of heavenly bodies 1 CCL What is the quantity of 
He ht received on a lorainons body 1 Give illustrations 1 and 2. 

10* 



114 DIOPTRICS. 

■idenblA light can only be visible at a comparathreljr isMng ifiitaiioe^ lai 
that ita influence in renderinff non-luminoua objects visible must be mM 
to a much shorter distance than the extreme pomt at whidi its light wiil ki 
perceptible. 

ecu. If rays proceed from a radiant point at an infinite 
distance, their divergency is so trifling, that they may be 
considered as parallel. 

ObservaHoiu Hence all the rays which could come from die oentie^ or mf 
other given point, of the sun's surface, are considered as parallel at the in- 
monse distance of the earth. 

DIOPTRICS. 

CCni. When rays of light pass chliquely out of one 
transparent medium into another, which is either more 
dense, or more rare, ihey are bent out of their former 
course, and they are then said to be refracted. 

CCIV. Rays of light are always refracted towards a 
perpendicular to the surface in entering a denser medium; 
and^this refraction is, more or less, in proportion as the 
rays fall more or less obUquely on the refracting fui&ce. 

lOuatrfMon 1. Let ed^fig. 116, represent a thii^ plate of glasi^ or a tet* 
sel of water, and a o, a rcy of light r^racted at o, and entering the dsiiser IPS' 
duim so that instoad of continmne ui the direct line^ it moTea in the dixeetiai 
on/ but when it passes out of this medium into air at n, it is again beat 
away from the perpendicular to the modiiun and moves in a directioii ps^ 
alleltoao. 



Pig. 116. 




2. Refraction of water may be shown in another way t PrqMre a bhdb* 



CCIL What if tald of rays from an infinite distance 7 CC|n. What aie reftadid 
lajral OCIV. What are the laws t mustraterefrsettoaby fig. 116? ^»*^ 



KBtBAcmm. 115 

(DedyessdandiilaoeitmnidiapositioiithAttlie Bpeetttor in t flfven nlaoe 
•timotseethebottoii^iiowpcrarinafewgtobiilMof qokbSvercvplan a 
bright sUver corn on the bottom, this will not be leen by the nectator but 
by filling the Teasel with water, the metal on the bottom will be distinctly 
•sen fi^m the refiacting power of the water. The troth of the loittrks 
above^ will be Tsrified bv inqiecting fig. 117, where the eye could not see the 
metal e, while the vessel was empQr excqot by raismg it to the position b, 
but on filUng the yessel with water, the object by refraction, is raised to a, 
where the rays proceeding firom it reach tne eye of the observer. ObMCta 
•sen obliquely i^water appear elevated. 



Fig.n7. 




CCY. When li^ht passes out. of a denser into a rargr 
medium, it moves m a direction /artAer/roTTt the perpen- 
dicular. 

JDhutraHanl, It will be perceived Inr tracinff the line indicating the ray of 
light proceeding from the shilling in ne. 117, mat when it passes from the 
water into the atmosphere^ that it bends away firom a line perpendicular to 
the siirfaoe of the water. 

2. Take a glass goblet half filled with water, and put a half dollar into it, 
and invert over it a small plate or saucer. The bystander will suppose that 
he sees two pieces, the one a half doUar, and the other a dollar — the first is 
seen by the rays refracted from the surfiice of the waten and the second fix>m 
refraction through the side and through the rounded side of the goblet. 

3. Another e^^imple of refraction may be seen by putting a stafiT obliquely 
in the water and observing that it will always appear as if bent at the surface 
of the liquid. In like manner, by observing the sandy bottoms of rivers^ 
objects on the bottom appear more elevated than they really are^ firom the 
refraction of the rays of Ught 

4 Rays which pass perpendicularly from one medium to another, eofht 
no refraotiiMi. 

CCVI. The Angle of Incidencey is that which is con- 
tained between the line described by the incident ray, and 
a line perpendicular to the surface on which the ray strikes, 

>— — I III III. I 

mosaate it by the piece of money, fig. 117. GOV. Deacribe the laws of refraction. 
Olve iaostratlons f and 2. Describe refraetioo by the atafT in water. Give tlia 
iwrtta mustratioQ. CGVL Describe the an^ of incideiiee. 



il6 tmujmxm. 

m 

rHised from the point of incidencftk llmt in fig. 118^ de 
angle B C K is the angle of incidence. 

CCYII. The Angle of Re^Oimy is Ithat which is con- 
tained between the Une describcid by the reflected ray atod 
a line drawn perpendicular to the r^ecting 8Ui£k% «t tke 
point in which the ray passes through Aat sutfiice. Thitti 
m fig. 118, E C K is the angle of refiectiob. 




CCYIII. As the effect of any transparent medium, in 
the refraction of liffht,. generally increases with increase of 
density, so air and vapours when dense display greater 
power of refraction than when comparatiTelj rare ;> and 
nence some curious and important phenomena dep^ on 
atmospheric refraction. ^ 




CCIX. Light, on entering the atmosphere of the earth, 
encounters a medium less rare than the more ethereal 
space beyond it, and as the lower portion of the atmo- 
sphere is relatively the densest, rays passing throuffh the 
air from objects far above us must oe considerably re- 

CCVn. Describe tlie angle of reflection. CCVEL What elfecton ref)nellii|iKiiif« 
naa the tocreaae of denai^ 1 OCDL What atmoapheric pbeaomena depaM «■ thia 
rafhwtiveinlhieneel E4iiain bj diHi*n tha alb«t of refraction oa tM an 
«*»*- «^f tha heavenly bodftik 



£fteted. Frcxn this cause the sun and other celestial bodies 
are never seen in their true situations, unless lE^y happen 
to be vertical ; and the nearer they are to the horizon, the 
greater will be the influence of refraction in altering the 
apparent place of any of those luminaries. 

JKiMlra/ioR. Thus the ipeetatori in fiff. 119, unll see the nin at C, wte H 
b in reality at S, from the refraction of the aunoaphere. 

CCX. Availing themselves of^the principle of refrac- 
tion^ philosophers have so contrived surfaces, that the per- 
pendiculars to them constantly vary, and produce new and 
important effects. This they have done oy means of con* 
vex and concave glass lensesy so as to collect or disperse 
the rays of light which pass through them.* 

ObMTVOiian, Lenaee are of various kinds^ named according to their forms* 

Fig. 120. 




A Plano-convtx lens has one nde flat, and the other convex, as A, fig. 120. 
A PlaWHxncave is flat on one side, and concave on the other, as ^ flf . 1201* 
A DcubU-^xnvex is convex on both sides, as Oifig. 120. 
A DoubU-^xmeave is concave on both sides, as P^S* 1^* 
A Meniscus is convex on one side^ and conetrpe on the other, as E, fig. 120L 
The Axis of a lens, is a Une passing through the centre ; thus, F G is the 
axis to aU the five lenses. 

CCXI. If parallel rays fall upon a plano-convex lens, 

they will be so refracted as to unite in a point behind^ 

called the principal focus, ox focus of parallel rays. 

EsamtpU. Thus the parallel rays a b, fig. 121, falling upon the lens an 
lifracted towards the p^pendicular G Xy and unite in a kkjus at C. 

Fig. 121. 




* ▲ Lens is a round piece of polished glass, ivfaich has both its sides ipherica], or 
sue spherical and the other plane. 



CCX. What is a Lens J What are the varions kfaids of lenses ; and how are they 
dtdgnated? What is the Asifi of a lens 7 CCXI. IfparaUelrayaftllapenaiitoiM* 
pstssem leB% what is the eflbct of thsir refrsetftra 1 




lit: lanAcnoN* 

^^22. CCXIL Tbe distance from the ii^iddto 

of the glass to the focus, is called ths 
Focal Distance; which focal distance^ 
in a plano-convex, lens, is equal to ths 
diameter of the sphere of which the lent 
is a portion, fig» 121, and the focal distance of a double- 
convex lens is equal to the radius or half the diameter of a 
sphere of which the lens is a portion, fi^. 122. All the 
parallel rays of the sun which pass through a convex glass 
as DE, are collected in its focus /, and the force of the 
heat at the focus is to the common heat of the sun, as the 
area of the glass is to the area of the focus^ 

JUustration. If a lens four inches in diameter collect the sun's rays into a 
focus at the distance of twelve inche& the ima^ will not be more than one- 
tenth of an inch in diameter ; the §urtace of this little circle is 1600 times less 
than the surface of the lens, and consefjuently the heat will be 1600 times 
greater at the focus than at the Ims. 

Corollary 1. Hence the construction of common buming-i^aeses, which 
are all double-convex lenses. 

2. Hence the reason that furniture has been set on fire by leaving a globu- 
lar decanter of water incautiously exposed to the rays of tiie Sun, which 
acts as a double-convex lens. 

Observaiion. The burning-glass made by Parker for Dr. Priestly, was a 
double-convex lens of flint glass, three feet in diameter, three inches thick in 
the middle, and weighing 212 pounds. Its focal distance was 9ix feet ei^ 
inches, and it produced a heat that melted fragments of iron in a moment It 
melted 20 grains of gold mfaur second»— 20 grains of i^ver in three secoruls^ 
10 grains of platina in three seconda, and as much flint in thirty seconds. 

CCXIII. H another double-convex F G, fig. 122, be 
placed in the rays at the same distance from the focus, it 
will so refract the rays back again, that they will go out 
of it parallel to each other. 

BltutraKon. It is evident that all the rays, except the middle one^ cMat 
each other in the fbcus./^ of course the ray D A, which is uppermost m going 
in, is the lowest in going out, as G c 

Experiment 1. If a candle be placed at^ the diverging rays between F O, 
will, upon going out of the lens, become parallel at ac. 

2. If a candle be placed nearer the glass than the focus, the nys will dif 
vergCy after going through the lens. 

CCXTT. What is meant by Focul Distance 7 What Is the rale for determlninc the 
focal distance of a plano-convex lena 1 How is the focal df<)tance of a dottMe-conves 
It'na ascertained? What is tiie pro|iortion between the defrree of heat in the focua ol 
a Imrniiiif Klass, and the coinnmn heat of the Sun 1 What kind of lens if a coiriinon 
bnmitie-fjiass ? flow inav some accidents hv fire be ACC(iiinte<l for 7 What is Raid 
of tiie bumlnu-f^laes made by Parlcer 1 CCXIII. What effect will another donble 
conyez lens have, when placed in the refracted rays at the same distance from tbs 
K>eus of the giyen lens t UnstnUe propoaUioa 2i3| and ezplaui the ajqwriaents. 



11* 

Jk If dke candle be placed &r11i«(hnii the i^tfM then ths-feeo^ tben^ 
nD eanvtrge, KftarpaiMng throusb tlieglu^ and meat in ■ poiu wludi wU 
■a moie orleM diiunlfrom ihe^u^ u the candle ii luani to, or brtbef 
torn, ilafbcue. 
4. When the nj» meet, ther will ibim an miaied image of tne flame of 



paanng thiiNigh the Imi. 




lect A B C 1^. 124 be pUced heyonA the focoa P of th 
■ the mya which flow frotn evny point of iho otjecl on 

: the glaaa, will ftU npoti it, and after paasina through it they 

lergeJinlo aa man^^ntu oti the o^powta Kde of the glue, Where the 
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t the glass, will 

'crgedmto aa ih— . - — -rr — e — ^ .r— « 

re of the whole will be fonned, which will be mveried. Thua the ran 
lowing from A.taAd, A.e, A/, wUI converge in the space d ef, and by 
neadng in a will there form the image of the pOmt A ; and io of those R^ 
lowing from B and C, and of com^e of all the intermediata part*. 

6. If the object A B C, be bnmght nearer to the glaaa, the pSetore ait 
nia be reraoisd to a grea(er diatance from iL 

7. The picture will be as much larger or teaa thu the object, aa itt diatance 
kOK the glaaa ie greater or lesa (ban the diatance of the object. 

CCXIV, When parallel rays pass through a double 
zoncaTe lens, they will diverge after passing through the 
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gUuBUy a9 if they had come from a point in the CWM ill 

Se concavity of the glass. 

Fig. 125. 

^ , Example, If theraysafr^Ac, flff.lfl^ptfl 

^^ through A B, and C be the oentre ofoooctfity, 

p then flie ray a after paaainff the glaai^ w31 go 

^ on in the direction ik i^ as if it haaoome fnm e 

and no glass in the way ; the ray b wfll go on 

in the direction m n, and so on. 

CCXV. When parallel rays pass through a plano^-con- 
cave lens, they diverge after passing through it, as if they 
had come from a point at the distance of a whole diameter 
of the glassy concavity. 

CCXVI. The following are the principal phenomena 
of rays in connexion with various lenses : — 

Obsertation 1. Through a txmvex surface^ passing out of a rarer into a 
denser medium, paraUd rays will become convermng. 

Diverging rays^ will be made to diverge less, tobecome parallel, or to con- 
veri^e, according to the degree of divergency before refraction, or of the con- 
vexity of the simace. 

Converging rays, towards th^ centre of convexity, will suSerno refraction, 
because they will be perpendicular to the refracting surface. 

Converging rays, tending to a point beyond the centre of convexity, will 
be made more converging. 

Converging rays, towards a point nearer the sur&ce than the centre of 
convexity, wul be made less converging by refraction. 

But when the rays proceed out of a denser into a rarer medium, the reverw 
occurs in each case. 

2. When rays proceed out of a rarer into a denser medium, through a 
CONCAVE BUSFACE, if parallel before refraction, they are made to diverge. 

Tf they are divergent, they are made to diverge more, to sufier no refrac- 
tion, or to diverge less, according as they proc^ from some point beyond 
the centre^ from the centre, or from some point between the oentre ana the 
surface. 

If they are convergent, thev are dther made less oonverg^g, paraDd, or 
divermng, according to their dfegree of convergency before refraction ^~ 

And the reverse, in passing out of a denser into a rarer tnedium. 

Experiment. Most of the preceding propositions may be confirmed« in i 
room from which all external light is excluded, by placing a convex or concave 
lens, fixed in a frame which moves perpendicularly upon an oblong bar of 
wood, or table, at different distances from a lighted candle placed perpen- 
dicularly on the same bar of wood, and receiving the images upon white 
1>aper. Upon this bar of wood, on one side of a line over which tne convex 
ens is placed, let a line, perpendicular to the last mentioned line, Im divided 
mto parts, 1, 2, 3, 4, &c, each equal to the distance of the focus of parallel 



CCXV. What is stated concerning parallel rays passing through a plano-eoneave 

tensl CCXVL Wbatare the principal phenomena of rays in ceonMcionivtaLi 
OHlsofleonsI What a x per n nen l is explanatory of these phenomenal 
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r$SB% ^dxm tiijB Mfas «d^ of the kii% let a line be divMied fa tin mum 
manner, and let the first division, which is ftrther from the leoB ^an the 
focus, be sobdifided int6 parts respectiYelT, eouai to ^ ^ duu ef (falB ditotanoe 
of the locus of parallel rays $ if a candle be placed over the oivision 2. it will 
form a distinct uaage on a paper held over the division I : if a caikUe be over 
3, the imace will be at i, dtc^ whence it appeara that tne distanoee of tha 
correspondiBnt foci vary redprocaUy ; or, by holmng a large douUe-convez 
lens, or buming-dass, in the sun's rays, and lecemag the linage on white 
pi^ier, or other swKstance at di£^«nt oustaaoesL 

REFLECTION. 

CCXYII. Let a ray of light be admitted throtigh a hole 
in the shutter a, of a dark room, so as to fail perpendicular- 
ly upon the inclined mirror, or looking-glass c (2, it will 
be reflected back in the same trade through which it pro- 

ceeded^ 

Fig. 126. 




CCXVIIL If the incident ray « fall upon the mii!ror» 
in an oblique direction, as a m, ng. 127, it will be reflect- 
ed in the oblique direction me; which last is called tibs 
lefiected ray^ 

Fig. 127 
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CCXIX. The angle of iocident is eatial to the ai^ 
of reflection ; or in other words, the angle containedbe* 
tween Uie incident ray, and a line drawn perpendicular to 
the mirror is equal to that contained between the reflect* 
ed ray, and the same perpendicular line. 

muatraiion. Let d c, fig. 128, be the incident Hay, and a c the reflecMcl 
ny ; let / c be the perpendicular line, h e the mirror : there it will be evi* 
dent fiom inspection that the angle d e /, is equal to the angle /e a. 
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CCXX. Mirrors are of three kinds, namely, planer 
convex, and concave. They are made of polished metal, 
or of ^lass covered on the back with an amalgam of tin 

and quicksilver. 

•^ CCXXI. The relative position of the image of an ob- 
ject as seen in a reflecting plane will be such that every 
part of the image will appear as far behind the plane as 
the object itself is before it. 

Fig. 129. 
A 




JWn¥i Paeeriba tha lawoa tha aMJea of Incidtnce and of reiUcttoa. OCni 

• of an tMga fcroMd by A reSeClhv ftelU. 
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SlimtraiimL Let A B rwresent a plane mirror, and E F any object, as an 
itrow ; then draw IhMn the' points R and F, the perpendiculars £ O and 
F H to the smfiioe of the mirrori and produce those lines to^ and^ so that 
EG shall be equal to e G, and F H to/H, and .«/ will be the positioQ of the 
imago which will be exactly equal to the object as the quadrilateral figure 
G ejH will be equal to the quadrangle G E F H. From inspection of tfais 
figure it will be perceived that the rays of light proceeding from that part of 
^he object nearest to the surface of the mirror will be reflected so as to form 
the part of the image nearest to the plane of the mirmr in the oppositaxlirec- 
tion. Hence when trees or buildings, or any other objects, are reflected 
from a horizontal planc^ as the surftioe of a pond, or a smooth stream of 
water, they will appear mverted ; for their lower parts behig nearest t^ the 
reflecting surface are seen immediately within it, while their tops seem to 
han^ downward or to extend deeper beyond the surfiice. 

CCXXri. When a mirror, C, in the following figure, is 
inclined forward at an angle of 46 deg. an object A B, if 
placed in a vertical position, will form a horizontal image 
a b ; and if the position of the object be horizontal, that oi 
the image will be inverted* 

Fig. 1301 




CCXXIIL A person standing before a plane mirror 
placed vertically opposite to him, will not perceive the 
image of his whole person^ if the length of the miiror be 
less than half his height. But if the upper part of the 
mirror be inclined forward, more of the image will become 
irtsible, iti proportion to the dimensions of the mirrOr, than 
when it is placed vertically ; and hence a person may view 
himself from head to foot in a looking-glass less than half 
his length. 

CCXXIV. A number of images may be formed, and 

Vrhj do trees, buikUufcs, or other objects semi by reflection from a surface of 
water, appear inverted 1 CCXXII. How may a vertical object be made to produce 
a horizontal image 1 CCXXIIL Eowlong must a vertical plane mirror be, m order 
that the whole person may be seen by an eye immediately in front of it 7 J^^^bat ex- 
pedient enables us to see the whole person in a small mirrori CCXXIv. WhM 
Sifeets pRMlooed by two sBirront 



peculiar effects produced by means of two tnlif oz^ eithef 
inclined or parallel^ and opposite to each other, for die 
image of an object which is delineated behind one mirror 
may thus serve as an object to be reflected from the sur^ 
face of another mirror. 

JUusiraHon, If any object as M N be placed between two plane miiraii 
inclined towards eacn other at an angle A C B several images will be pa** 
reived, all situated in the drcuniference of the drcla This may be denKHH 
•tratsd by drawing the image in its place behind each mirror, and con8ide^ 
ing each miage as forming an object in its turn, the imun of which is also 
to t>e drawn. Thus it wm be perceived that the imajBie ofM N hi the mirror 
A C is m n, while its imsge in B C is M' N' : and m the same mann» the 
imaee formed by the reflection of the first image mninb C will be M' N', 
while the unage of M' N' in a G will be m' n\ It will furdier appesr 
that m" n" is the image of both M" N" in the muTor 6' C, and of m' n' 
in the mirror a' C, one of the images corering the other, if the ang^ 
A C B be 60 degrees, or the sixth part of a circle as in the diagram j but if 
the angle be any greater or less, the image m'' n" wiU be twofold: that it 
the two images vm\ not exactly coincide. On this principle is formed die 
Kaleidoscope invented by Sir David Brewster, and by means of which tht 
reflected images viewed from a particular point, exhibit symmetrical figurei 
imder an infinite variety of arrangements of beautiful forms and colours. 

Pig. 131. 




CCXXV. If two mirrors be placed opposite and parat 
lei to each other, an indefinite number of images WiU be 
perceived, becoming more and more indistinct by repeated 
reflections, till at last they vanish in obscurity* 

Obaettaiion, This eflect may be advantageously observed io im apart* 
ment where two mirrors are filxed in opposite sides of it, with a ktstn^ or 
some such object between them. Rooms fitted up in this manner willjpre- 
sent to the spectator an interminable vista on every side, apparsntj(y BUsd 
ivith a multiplicity of objects. 

4Kve the illustration. What is this histrainent denomhiated 1 CCXXV. How, sMi 
intndefinite munber of images be produced by msaasof two jobrrovsl Wban«# 
•Ms adtaataisoQsly observed 1 
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CCXXVl. Amongst natural phenomena produced by 
reflection of light, the moa^ important is atmoMpheric re- 
flection. Some of the less usual phenomena of this class 
axe extremely curious such as the mirage, and a variety 
of aerial spectra of an analogous kind. The mirage is 
* generally perceived on sandy plains in hot climates, as in 
Egypt and in South America ; and it has been often de- 
scribed by travellers. 

Miutraium 1. In the middle of the day, when the son ahmes on the levd 
tnurface of the sand, the appearance of a eheet of water ia obserred at the 
seeming distance of about a quarter of a mile ; the deception being so com- 
plete, tnat any person unacquainted with its cause would inevitably suppose 
be was approaching a lake or river. Like real water, the spectral lake re- 
flects objects around ; so that houses, trees, and animals, are perceived with 
the utmost distinctness in this singular mirror. As the observer advances^ 
the viaonary stream recedes, still keeping at the same apparent distance but 
with changes of scene, by tne disapi>earance of images first beheld, ana the 
i^Tnation of new ones from other objects, as they successively become liable 
to reflection. 

2. The French philosopher Monge, who witnessed this phenomenon in 
Egypt, published a satisfactory explanation of it in the first volume of the 
Decade Egyptiennt ; and about the same time a similar exposition of the 
cause of it was given by Dr. WoIIaston, in the London Philosophical Trans- 
actions. The latter also produced an artificial mirage in the heated air over 
a mass of r€xi-hot iron ; and he observed the same appearance in bodies seen 
across the surfaces of two differently refracting fluias placed one above the 
other in a transparent vesseL 

3. He thus accounts for the phmomenon \ m the middle of tiie da^r, the 
sandy soil becoming very hot, the stratum of the air in contact virith it ac- 
quires a very elevated temperature, and hence, being dilated, its denmty is - 
found inferior to that of the strata immediately above it, and the luminous 
rays which foil on this dilated stratum^ at an angle comprised within a cer- 
tam limit of 90 degrees, are reflected at its surface asfirom a mirror; and they 
convey to the eye of the observer the reversed image of the k>war parts of the 
sky, which are seen on the prolongation of the raya received, and consequently 
appear below the real horizon. In this case, if nothing corrects the error, 
the limits of the horizon will appear lower and nearer than they really are. 

4. If any obiects, as villag^ trees, or the like, render it evident to the 
observer that tne limits of the horizon are more remote, and that the sky is 
not so low as it seems, Uie reflected image of the sky will appear to form a 
reflecting nlane of water. The villages and the trees will emit rays which 
will be reflected mst as rays would have been if coming fix)m the part of the 
riiy intercepted by them. These rays will produce a reversed image below 
the objects seen by the direct rays. The limit at which the luminous rays 
begin to be reflected being constant, and the rays that form the largest an^ 

»■'■■■■■ ■™''" ' ' ■ ■■■ 

CCXXVl. How is the mirtigt ibnnedl Olve some aeconntof that appearance. 
How may the eflfect be imitated 1 What explanation did WoIIaston give of that phe- 
Bomenim 1 How is the imaffiaatioa led to the sapposition that the reversed imafe 
of the lower part of the sky Is nearer and lower than the tme viaible horizon 1 Bow 
dkMS it appear that treeib baUdiofs, Ae., ou§ht to sppesr reversed in the inverted 
image of the sky 1 
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with tli0 horiion ^^pearing to come from the neaiwt spot to w Imw tin 
phenomenon commences, mis*point must be a constant distance firora tha 
observer i hence if he adTsnce, the border of the lake will appear to recede 
which accords with the facts as they are observed. 

CCXXVII. Those appearances called Looming^ oi 
the elevation of objects seen in the distant horizon above 
their usual level, are explained on the same principle asi 
the mirage. Under this head is inchided the Fata Mor- 
gana, observed in the straits of Messina, and the singular 
apparitions of ships and other objects in the air, sometimes 
in a direct, and sometimes in an inverted position. 

JUuBtrtUion. The following illustrations are taken from the aerial appear- 
ances at the ClifTs of Dover, England, in May, 1835. Where tlie real snip is 
visible, a double image may be formed, consisting of an inverted figure 
immeaiately over the ship itselJ^ and another figure in an erect position, 
above the preceding. If there is a single figure only, it will usually be in- 
verted with respect to the real ship below it. Sometimes a double imaeej or 
an erect figure with one below it inverted^ will appear where the vesseTtDua 
reflected is wholly invisible, or perhaps its topmasts be seen, while the re- 
maining parta are hid from the convexity of the earth's suifrM^e. 

Fig. 132. 




CCXXVIII. The manner in which these and similar 

Ehenomena may be caused by reflection may be compre- 
ended by reference to the analogous effect of spherical 
mirrors subsequently noticed. But it is probable, that 
where double images of objects appear, the effect depends 
chiefly on the retraction of light, owing to the varying 
density of the atmosphere ; and the circumstances under 
which such a state oi the air may be produced have been 

CCXXVIL Explain the phenomenon denominated looming. Give the Ulaalnrtkm. 
Bow will the appearance of f^tre-shtpa be affect ed by t he nearness or remoteaeas 
ff the real shtpa which eause the spectral OOXXVuL Bow is refraction afbeled 
by change of density in the air 1 
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pointed out and illustrated by Dr. Wollaston. The re- 
fraction being fi^reatest where the change of density Lb the 
most rapid, and less on each side of this point, the whole 
effect must be similar to that of a convex lens. 

CCXXIX. In reference to the Fata Morgana, Dr. T. 
Young says: "It may frequently happen in a medium 
gradually varying, that a number of dmerent rays of light 
may be inflected into angles equal to the angles of inci* 
dence, and in this respect the effect resembles reflection 
rather more than refraction." 

CCXXX. A convex mirrcMr consists of any given por- 
tion of the exterior surface of a sphere. 

JlbutraUon. Thus a «, fig. 133, represents a pordoii of a •|>li6n of whicb h 
JB the centre, and the line 6 e, which is defined as a line passing through the 
centre^ and perpendicular to the surface ; all such lines are called ladii to the 
circle^ of which the mirror forms a part. 

Fig. 133. 
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CCXXXI. The image formed by a plane mirror, as we 

have already seen, is ot the same size as the object, but 

the imaffe reflected from the convex mirror is always 

smaller than the object. 

ObtenoHon. As objects am always seen in the direction in wUch the 
rays approach the eye, the image of objects seen by means of mirrors always 
appear behind the mirror. 

CCXXXII. The effect of light reflected from a con- 
vex mirror is to produce a miniature picture of any objects 

CCXXIX. What drcumsta nee o f the air may eause ▼arying raya of taeldent Ilglift 
flb be reflected to a focual CCXXX. What are fnvex mirrors 1 Give the Ulastra^ 
ti on. C CXXXL Whaf ia ttie relative siste of images in plain an J convex mirrors I 
GGXXXn. Ib convex mirrors where ia the iouige 7 
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placed 6pposite to it ; the images thus formed appearing, 
to the eye of the observer in front, to be situated williin, 
or behind the mirror. 

Hhutration. Thus the globular bottles filled with coloured liqind, in the 
window of a drug-store, exhibit all the variety of moving scenery without, 
tuch as carriages, carts, and people moving in difierent directions : the uroer 
half of each Bottle exhibiting all the images inverted while the lower half 
exhibits another set of them in the erect position. 

CCXXXIII. The images formed by reflection from a 
convex mirror, must always be smaller than the objects 
by which they are produced, because the rays forming 
them diverge in their passage to the eye of the observer. 

Illustration 1. In the annexed figure A B r€»resents a convex mirror which 
is a portion of a ^herc whose centre is S, ana the radius (distance from the 
eentre to the circumference) is G C ; G is therefore the focus of the mirror. 

2. If an object be placea at E at a distance before the mirror, its image 
will appear benind the mirror at D halfway between G and C, and the image 
at D will be as much less than the object E as the line D C is less than the 
line G E. or it will be as much smaller than th& object as the line C D is 
thorter than the Uno C E. 

Pig. 134. 
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3. Iff therefore, the object be brought nearer to the surface of the mirror, 
the image also will approach to meet it, and become prt^ortionally enlarged ; 
so that if a part of any object be brought into contact with the convex sur- 
face of tlie mirror, the image of that part will appear of precisely the same 
size as in the object itself; but unless the object be extremely small, or the 
mirror be a segment of a very large sphere, it must be obvious that only a 
small portion of an object can be made to touch the mirror, and hence the 
entire image must ever be to some extent inferior in size to the object by 
which it is produced. 



What illastration is f^venl CCXXXIII. Why most the hnage finom a convex 
mirror be smaller than tlie object 1 Oive the illuslrations. Boppose the objeel hs 
brought near the suriace of the aiirror, what effect has it on the image 1 



CCXXJi.1V . k convex mirror bf reflection conveits 
parallel rays into diverging rays, ana convergent rays are 
reflected either parallel or less convergent. 

JOusirdiimi. Fkat let the parallel rays 1, 2, 3, flft. 135. fidl upon &e con- 
¥BK rakior, t 'm per|>endical«r to it, and will be reflected back in the Hme 




Fig. 135. 




CCXXXV. Diverging rays falling on a ccxivex mizx0r, 
lure rendered more diverging. 



CONCAVE MIRRORS. 

Observation, The shape of conoarT'e mirrorB is like that of eonyez minon^ 
with this difference that the former reflect from the inaidei and the latter 
frmn the outside. The eiiecta of the concave are genially the reverse of thoM 
of the convex, the fbmur tends to collect rajrs to a focus, and the latter to 

disperse them. 

« 

CCXXXVI. The focus of a concave mirror is the 
point in which the reflected rays meet. The centre of 
concavity is the centre of the sphere, of which the. mirror 
forms a part. Parallel rays falling on a concave mirror 

.111! ,11 , , ■ , .. ■! ■ 

CCXXX1V. What effect has a convex mirror oa paralM mad on eoavergiiir nv^t 
Give the "illustrations. CCXXXV. What effect has the convex mirror on d^r~^ 
rtju% Difldnfiiiah between convex and concave mirron. 
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are ccoTerged to a focus halfway between tbe eeotn d 
concavity, and the surface of the mirror. 

CCXXXVII. The following are the principd pbe- 
nomena of reflectedjrays : — 

Parallel rays reflected from a concatb smfiio^ are 
made convergmg. 

muttraiUm, The parallel rtyi 1| 2, 3, 4, &c^ te 186^ avs oonvmii b| 
reflection from the concave minor, and meet m the foam o^ halAftf be* 
tween the centre a, and the torfiwe of the minor. 

Fig. 136. 




CCXXXVIII. Converging rays falling on a concare 
ninror will after reflection become more converging. 

BbutraHon, Thus in fig. 137, the conveniing nya after being 
are rendered more conveigmgi and meet in the point Ot 

Fig. 137. 
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CCXXXIX. Diverging rays falling upon a concsfe 
mknofs^ if they diverge Irom the focus of parallel rays, they 
#ill become parallel. Thus the rays from o, og. 186i 
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after falling on the mirror are reflected parallel as seen is 
1, 2, 3, &c. 

CCXL. Jf the rays diverge from a point nearer to the 
tnirrcnr than the focus of parallel rays, they will diverge 
after reflection, but less than beforo*. 

BhutrttUan. Thus the nja from c, fig. 137, direige after leflecikMi, but 
lees than before. 

CCXLI. If the rays diverge from a point, between the 
focus of parallel rays, and the centre of the circle of which 
the mirror forms a part, they will converge after reflec- 
tion to some point on the opposite side of the centre. 

Jttuatraiion, In fig. 138; o ie the centre of the cirele; F, the focna of par- 
allel rays. Now the raya 1, 2, and 1, 3, after reflection from ^ minor A B, 
converge to the point 4, oeyond o, the centre of the cirde. 

Pig. isa 




CCXLII. If the rays emanate from a point beyond the 

centre, as from 4, infi^. 138, they will converge to a point 

on the opposite side of the centre, or between the centre 

and the surface of the mirror. 

lUuttration. Tiroa let 4, % and 4, 3| in fig. 138; be tiie laddeBt T9j», ihef 
will after reflection tionveige to a fiKSoa at L 

CCXLIII. If an observer view his own image at a 
considerable distance beyond the centre of a concave mir- 
ror, the image will appear small, faint, and somewhat con- 
fused. 

BUuiraiUm. Thia is owing to the amallneaa of the nnmber of raya that 

OOXUL If the rajf emumte from a point beyond the centre, ^here wffl be the 
fcciisl CCXLm. Why la the fonige of a distant obserrer eeen iadiacineUy In aeon- 
eire mirror t 
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can MEh (b« eft; htatt tbe appucnt dirtance n angmMUad or tn^nri 
imcertaiii, to ihat the image ii cimcaTcd to be befond or widBn tlw nimn^ 
and tbw miaoonceplkm increiaeB the coDfoson- As Ihc obaoro adiaocci 
tomrda ibe Durror, hii image will gndnUy appear iaigft aod bri^Nr, ud 
Itkewiaadiaw nearer (o him; but if be do not new it bei nixu himMf aiid tfaa 
minor, iL will ivinlitiue ■till indialiDCL At Unelh be will anne at the aitlin 
whence the iimge CBsumes b deienntoate indconEM fi^nn^ appealing per- 
fectly diiijnct After a lew trials, the Ime place for Tiewing Iha imaga may 
be inctrlained with tolerable accuTBcy ; and it will contimie diatznctly ptt- 
ccplible wben the obperver mOTee a ehoit dielance backnaid in fcrwnd 
n the proper posiiion: bat sdnncing beyood it, tbe image iriU sdob 
' ~ ' id this indiaiinctDeea will mcnaaa till ke aimM 
Ire of eoncavity, wheia the image will be luM in 
:ea, another image in an opright poatioii gradn- 
led in the precoliDg case. 
CCXLIV. The most singular and curiouB effects of 
concave minors, are those resulting from the position of 
objects at a greater distance from the mirror than its centre 
of concavity, as in the case above described, (242,) when 
a diminished and inverted image will be formed in the 
air between the object and the mirror. In order that this 
may be seen to the utmost advantage, particular situations 
must be assigned both to the object and the observer, 
which will be regulated by the concavity of the mirrOT 
and its consequent focal distance 

Slutiratum 1. For tba exhibition of nich pt 
the latter hiving di 
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«uctiig optical images in the air by means of a single mirror. Suppose C D 
to he one side of a room, or a screen dividing one part of the room from 
another, and having in it a square aperture £ F, the centre of which may be 
aboQt five feet above the floor. This opening may be sarrounded with a 
black border, or a gilt moulding, so as to resemble a picture- frame. A large 
concave (elliptical) mirror, M N, is then to be placed in an adjoining apart- 
ment, 80 that when any object is placed at A, in one focus of the mirror, a 
distinct image of it ms^ be formed in the other focus at B, or in the centre 
of the aperture K F. This image will be inverted with respect to the posi- 
tion of the object; thetefore if a small statue, bust, or plaster cast or any 
object be placed upside down at A, an observer in the apartment at O will 
behold an erect image of the object at B. In order to give the greater effect 
to this exhibition, the object should be white, or at feast of a very bright 
colour, and should be strongly illuminated by a jK)werful lamp, the rsys of 
which must be prevented from reaching the opemng E F. 

3. In this case, the image bemg formed, not in the single focus of a spheri- 
cal concave mirror, but in one oithe foci of an elliptical mirror, it will not be 
confused or reduced ; but will be rather larger than the object When the 
image appears in the air, as here described, it will be distinctly visible onlv 
from the point O, and a person placed at a little distance on either side^ will 
see nothing of it. I^ however, the opening E F be filled with smoke, rising 
from burmng frankincense or other perfumes, the cloudy vapour will serve 
as a screen to receive the reflected image, which may thus be rendered visi* 
ble to persons within the room O. 

THE ORGANS OF VISION. 

CCXLV. The eyes of animals bear a certain analogy 
to the optical instrument called a camera obscura ; for the 
images of external objects within the sphere of visioli, 
are actually formed or traced within the eye, in the man- 
ner that will be subsequently described. 

CCXLVI. In man- and other animals destined to in* 
habit the surface of the earth, the eyeball is a mass nearly 
spherical, but somewhat flattened in front. Those am- 
mals that dwell in the water have eyes very much flattened, 
the eyeball in most fishes forming but half a sphere, and 
in the ray species, it is but ^Jfitd qua:rter of tlie thickness 
of a sphere. In those birds thert soar to the higher regions 
of the atmosphere, the anterior part of the eye is some- 
times flat, and sometimes in the figure of a truncated cone ; 

Will the images \n this case be direct or inverted 1 What will be the size and po- 
sition of the image with regard to that of the object? CGXLV. To what is the eon- 
■truction of the eye analogous 1 CCXLVI. What relative sphericity have the eyes 
of land and of aquatic apimals 7 What peculiarity is found in the eyes of biros that 
•oar to great heights 1 

12 
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the upper part forming a short cylinder, surmounted by t 
very convex eminence. 

CCXLVII. The eyes of spiders, scorpions, &C., are 
merely very minute points, which it would be very diffi- 
cult to recognise as organs of vision, if their functions 
had not been demonstrated by precise expe^ments. Mil- 
lepedes, flies, &c., have eyes often very large in propor- 

, tion to the bulk of the insect, and composed of a multitude 
of small facets,or plano-convex lenses united into a hemi- 
spherical form, with their axes directed to a common focus. 
Many insects have, at the same time, simple and com- 
pound eyes ; this is the case with wasps, grasshoppers, 
and some others. There exist likewise multitudes of ani- 
mals, in which no organ of vision can be discovered ; but 
it appears, that in such the sense of feeling is extremely 

. dehcate, and therefore supplies the defect of the other 
senses. 

CCXLVIII. In the following descriptive notices of the 
organs of vision, and the phenomena depending on them, 
our attention will be restricted to the structure and func- 
tions of the human eye. But the eyes of some quadru- 
peds, as the ox or the sheep, so far resemble those of 
man, that sufficiently accurate ideas of the essential parts 
of the eye may be obtained by dissecting and exanmuBg 
an eye of either of those animals, and comparing its 
mechanism with the ensuing description. 

Fig. 140. 




WustraHon 1. The above fLsrare czhibita a fiY>nt view of the eye, or dit 
anterior porUon of the eyeball. . The white part surrounding the ceatn m 
called the sclerotic* coat {tunica acUroHcOy) a a, and it is continued widiln 

* Prom the Greek HxXrjpof. hard, linn ; or S^Xnpiriyj, hardneaa. 



OOXLVn. What is said of the eyes of spiders and scorpions 1 
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tiie oibit, roimd-the back part of the eyeball, being fonned of a dense mem- 
brane^ which ipcludes, as in a bac, the other parts of the eye.- This mem- 
brane is perfectly opaque, and therefore is not continued over the front of 
the eye, but joins the transparent comea,t 6, which differs from it chiefly in 
being completely pervious to lisht, and therefore serves like a window to ad- 
mit It to the interior of the eye for the formation of images. Within or behind 
die cornea may be percdved the iris,t c, a sort of coloured frinee, usually 
either of a dark brown or a grayish bhie tint; and hence the distinction 
between black, and biue or my eyes : but there are persons with extremely 
light complexions and whitehair, (Albinoes,^ who have redeyes, the irisbeine 
led, as in the eyes of a white rabbit. In the centre of the eye, surrounded 
by the iris, is a dark circular space of variable dimensions, called the pupil, <f, 
through which the rays of light pass into the chambers of the eye 

Fig. 141. 




2. Fig. 141, IS a vertical section of the human eye. Its form is nearly 
fl^fl^mlar, with a slight projection or elongation in front. Its coats, or mem- 
Nanes as before mentioned, are the sclerotic^ the cornea^ the choro^ and the 
Tdina. It has two fluids confined within these membranes, called i^e 
aqtuoua, and the vitreoua humours, and one lens, called the crystalline. The 
sclerotic coat is the outer and strongest membrane^ and its anterior part is 
well known as the vkite of the eye. This coat is marked in the figurs 
a, a, a^a. It is joined to the cornea^ 6, 6, which is the transparent meme 
bnme m front of the eye, through which we see. The choroid coat is a thin- 
deUcate membrane, wnich hues the sclerotic coat on the inside. On the 
inmde of this lies the retinoy d^ dyd^dy which is the innermost coat of all, and 
is an expansion, or continuation of the optic nerve o. This expansion of the 
optic nerve is the immediate seat of vision. The iris o, o^ is seen through the 
cornea, and is a thin membrane^ or curtain, of di^rent colours in different 
persons, and therefore gives colour to the eyes. In black-e^ed persons it is 
black, in blue-eyed persons it is blue, &c Through the iris, is a circular 
opening, called the pupUf which expands or enlarges when the light is £unt, 
- 

* From the Latin comeuSf homy, or like horn. 

t Bo called from its being like the rainbow (tm)varioa8ly eoloured. 

¥^h8t is the form of the human eye 1 How many coats, or membranes, has the 
sye 1 Wliat are they called 1 How many fluids has the eye, and what are they 
eaOed 1 What is the lens of the ey e called 1 What coat forms the white of the eye 1 
Describe where the several coats and humours are situated 1 What is the iris 1 
What is the retina 7 Where is the sense of vision 1 
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and cmitnctfl when it is too strong. The space between the iris and the 
cornea is called the anterior dkamher of the eye, and is filled with the aqueou* 
humour, so called from its resemblance to water. Behind the pupil and iris 
is situated the crystalline lens e which is a firm and perfectly transparent 
body, through which the rays of light pass from the pupil to the retina. Be* 
hind the lens is situated the posterior cliamber of the eye, which is filled widi 
the vitreous humour^ v, v. This humour occupies much the largest portion of 
the whole eye, and on it depends the permanency and shape of the whole 
organ. 

CCXLIX. Objects are seen in consequence of the 
images' being painted on the nerves, or retina, at the back 
of the eye ; and though the images are inverted, yet the 
objects appear erect. 

Experiment. Take off the scUrotioa from the back part of the eye of an 
ox, or other animal, and place the eye in the hole of the window-shutter in a 
dark room, with its fore part towards the external objects ; a person in die 
room will, tlirough the transparent coat, see the inverted image painted iq)on 
the retina. 

Observation 1. It is found from experience, that when the image upon the 
retina is bright, the object is clearly seen ; and when the image is faint, the 
object appears faint ; also, that when the image is distinct, the object is seen 
distinctly ; and when the image is confused, the object appears ponfuscMi 
Hence it may be concluded, that these images are the cause of vision. 

2. It is manifest, that a different conformation of the eye, or some parts of 
the eye, is necessary for distinct vision at different distances. Some think 
the change is in the length of the eye ; others, that it is a change in the 
jSgure or position of the crystalline humour ; and others, that it is a change 
in the cornea; but any of these changes would produce the effect. 

CCL. Dimness of sight generally attends old people, 
and arises from the eye becoming too flat, and not uniting 
the rays exactly on the retina ; or it may arise from the 
humours losing their transparency in some degree, which 
makes* every object appear faint and indistinct. 

CCLI. If the crystalline humour has either too much 
or too little convexity, the sight will be defective, ofwiflg 
to the image being formed before or behind the retina. 

Obs&rvation. In myotpea^ or persons who foe short-sighted, the humOQ^' 
of the eye are too conVex, and bring the rays to a focus, before they Yeaoi 
the retina, unless the object be brought near to it : in which case, the 'lesHigfi 
is cast farther back. In others,* the humours of tne eye have ^ Kttle ben- 
yexity, that the focal point lies behind the retirta ; whence, unless the object 
is removed to a greater distance from the eye, the vision will be indistjaet 
Such persons -are called Preshytce. 

CCXLIX. How is it proved that the imaf es of objects are represented or painted 
on the retina in an inverted position 7 In what wav can it be proved that the imafea 
upon the retina are the cause of vision ? CCL. Wbat is the cause of dimness of raMt 
In old asa 1 CCLI. What peculiarity or defect of the eye causes persons toM 
•hort-sighted 1 
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CCLII. When the diameter of an object is given, it» 
apparent diameter is inversely as its distance from the 
eye. 

Observation 1. The angle subtended as the least visible object, called by 
the writers on optics, the Minimum Visible^ cannot be accurately ascer- 
tained, as it depends upon the colour of the object, and the ground upon 
which it is seen ; it depends also upon the eye. To the generality of ey» , 
the nearest distance of distinct vision, is abput 7 or 8 mcbds. Taking d 
inches for that distance, and 2 for the least visible angle, a globular object of 
less than the three-hundreth part of an inch cannot ^ seen. 

2. The apparent diameter of an object is as the diamet^ of its image upon 
the retina ; and the diameter of the image, when the object is given, is in- 
versely as the distance of the object ; therefore the apparent diameter of the 
object is also inversely as the distance of the object. The same maybe 
proved of any apparent length whatsoever. 

3. Hence the apparent diameter of an object may be magnified in any 
proportion ; for the less the distance of the eye from the object, the greater 
will be its apparent diameter. But without the help of glasses, an object 
brought nearer the eye than about five inches, though it appears larger, will 
at the same time appear confused. 

4. Many deceptions in vision arise from tlie above consideration. We 
judge of the distance of any object by the visible length of the plane, which 
lies between the eye and the object. When this method fails us, we com- 
pare the known magnitude of the object with its present apparent magnitude: 
or we compare the degrees of distinctness with which we see the sev^^ 
parts of an object ; or we observe whether the change of the apparent place 
of an object when viewed from different stations, or its parallaa: be great or 
small, this change being alwajrs in proportion to the distance of the object. 
On this principle, we may judge of the distance of a near object, by observ- 
ing the change which is made in its apparent situation, upon viewing it suc- 
cessively with each eye singly. Or, smce it is the difference of the apparent 
place of an object, as viewed by each eye separately which niakes an object 
to be seen douole, unless we turn both eyes directly towards it, and since in 
doing this, where the distance is very small, we turn the eyes very much 
towards each other, and less at a greater distance ; the different senssitions 
accompanying the different degrees in which the eyes are turned towards 
each other, afford by habit, a rule for judging of the distance. 

5. In objects placed at such distances as we are used to, and can readily 
allow for, we know by experience, how much an increase of distance wiu 
diminish their apparent magnitude, and therefore, instantly conceive their 
real magnitude, and neglecting the apparent, suppose them of the size they 
would appear. if they were less remote; but this can only be done, where we 
are well acquainted with the real magnitude of the object ; in all other <!ases, 
we judge of magnitudes by the aiigle which the object subtends at the 
"known or supposed distance ; that is, we infer the real magnitude firom the 
apparent magnitude in comparison with the distance of the object 

CCLIII. Optical illusions frequently occur in con- 
sequence of bodies in motion. If a sphere revolving 

OCLn. What is the proportion between the apparent diameter of an object and its 
Astance Iroiu the ev<> l CCUII. How may a circle beHnistakeo for a stnUght line 1 



I 



188 OPTICS. 

on its axis be placed at a distance, it will be impoesibk 
to perceive the movement, unless there are on its surface 
spots or visible irregularities, the alternate appearance and 
disappearance of which may be observed ; and it is thus 
only that astronomers have been enabled to ascertain the 
rotation of the sun and the planets, by observing spots os 
their surfaces. 

CCLIV. A lighted candle or torch whirled in a circle, 
the plane of which passes through the eye, at a great dis- 
tance, merely appears to come and go in a line, from one 
extremity to the other of the diameter of the circle. The 
visible paths of the planets through the heavens, in their 
revolutions round the sun, thus have the appearance of 
right lines, from one extremity to the other of which each 
luminary seems, to a spectator on the earth, alternately to 
advance and return. 

CCLV. The impression of light ou the eye is not 
merely instantaneous, but continues during a certain time 
after the luminous or illuminated object has been with- 
drawn. From the experiments of D'Arcy, it has been 
ascertained that the effect of light on the retina remains 
about 1-7 or 1-8 of a second after the light has actoaUy 
been removed.* To this cause is to be ascribed the circle 
of light formed by whirling round a burning stick, a phe- 
nomenon with which every one must be acquainted. And 
on the same principle is constructed the amusing toy 
called the Thaumatrope,t contrived by Dr. Paris. 

It consists of a number of circular cards, having silk 
strings attached to their opposite edges, as represented in 
the following figures. By these strings, one of the cards 

* See a paper " On the Duratioa of the Sensation of Sight," in Memoire« da PAMdft- 
mie dei Sciences, a Paris. 1766^ p. 499. 
t From the Greek davjtay a wonder, and rpen-oh to turn. 

CCLIV. With what example of this does astronomy furnish us 1 CCLV. JkttM tta 
hnase of an object vanish from the eye the moment the object Is withdrswnl For 
vrhat length of time has D'Arcy found impressions to remain on the^soalomnl 
What familiar and amusing experiments owe their interest tp U)e duzAbilky of riflt 
ble impressionB 1 Pescribe the th»mpatrope, ^ 
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being twirled round with a certain Telocity, both sides of 
it will be visible at the same time, and any objects traced 
on them, as a dog on one side and a monkey on the other, 
may be perceived simultaneously. Hence the parts of 
the picture being united, when it is whirled round, the 
monkey will be seen seated on the back of the dog. In 
this case the revolving card becomes virtually transpa- 
rent, so that the objects on opposite sides of it may be 
viewed together nearly as they would be, if painted on 
the two surfaces of a plate of glass. 

Pig. 142. 




CCLVI. Another curious machine has been recently 
mvented called the PJiantasmascope,^ the eflFect of whicn 
farther illustrates our perception of objects for a certain 
time after the objects themselves have been withdrawn. 

JUuatraiian 1. In this apparatus as modified by Professor Faraday, figures 
are seen through revolvmg wheels, or circular disks of pasteboard^ with 
deep narrow notches at the edges. If a transparent star highly illuminated 
be placed behind a disk of nasteboard, or blackened tinplate with a single 
narrow opening extending nrom the circumference to the centre, it -mil 
necessarily hide the whole of the star, except that immediately opposite the 
opening ; but if the disk be made to revolve rapidly, the whole star will be 
made visible ; as may easily be conceived from previous remarks on the du- 
ration of impressions. 

2. In the phantasmascope the pasteboard disks are painted with a variety 
of figures, in different positions, and the borders of the disks being cut into 
eogs or teeth, leaving openin^fs between them, when made to revolve on a 
spmdl& on looking at the objects as exhibited in a mirror, through the open- 
mng, they will display the most diversified and grotesque attitudes. 

3. Thus the figures ^ven in the following cut, when property viewed, 
would all appear to be pirouetting like so many opera- dancers. By dififerent 
vrangements of the openings, and varied designs, may be exhibited, in a 

• From the Greek ^avraff/io, a spectacle, and fffo^reo), to view. 



OCLVI. niastrate the phantasmascope. For what purpose is the mirror intfO- 
' In the ezlUbition or the phantasmascope 1 




CCLVTI. One of the most curious facts relating todw 
faculty of vision is the absolute inBensibility to me im-, 
pression of light at a certain point of the retina, so that tb« 
image of any object falling on that point would be invisi- 
ble. When we look with the right eye this point rfill be 
about 15 deg. to the light of the object observed, or to the 
right of the axis of the eye, or the point of most distinct 
vision. When looking with the left eye the point will be 
as far to the left. The point in question, is the basis (rf 
the optic nerve ; and its insensibility to light was fint 
noticed by M. Marriotte, the French philosopher. 

CCLTn. An an the puU of (hs laUu equllj muMUb id Qm bagn^^m ■ 



' SscperimemL This remarkable phenoxnenon may be experimentally pnnred 
by placing on a sheet of writing paper at the distance o^ three inches apart, 
two coloured wafers, then on looking at the left hand wafer with the right 
eye at the distance of about a foot, keeping the eye straight above the wsfer, 
and both eyes parallel with the line which joins the warers } on closing the 
left eye, the right hand ^afer will become invisible ; and a similar efl^ will 
take place if we close the rig^t eye and look with the left. 

CHROMATICS, OR THE THfiORlT Ot COLOURS. 

CCLVIIL The phenomenon of colours is one of the 
most curious of all the properties of light. In popular 
opinion, colours are considered as inherent properties of 
the substances on which they occur. Thus we hear it 
gaid by the uninformed that the redness of brick, and the 
greenness of grass are properties as peculiar to those sub-^ 
stances as the aihapes they assume ; this, however^ is an 
error. 

GCLIX. The essential cause of colour is light ; but it 
depends also on the texture of the surface coloured. 

GCLX. There are seven diflferent coIoihts, which are 
denominated|?nmary, these are red, orange, yellow, green, 
blue, indigo, and violet. 

CjCLXI. The discovery of the compound nature of 
light, was made by Sir Isaac Newton, in the following 
manner :— * 

JUuatrtition 1. Let a bundle of rays proceeding from the sun S, be admitted 
Ihrough the window shutter of a darkened room as represented in the figuvc^ 
psjge 142, and allowed to fall on the triangular piece of glass ABC, called the 
pnsm. A ray D thus entering, and suffered to pass unobstructed, would 
fiKin on a plane surface a circular disk of white light E, but the prism being 
so placed that the ray may enter and quit it at equal angles, it will be re- 
fracted in such a manner, as to form on a screen M N, properly ^laced, an 
oblong imaofe called the solar spectrum, and divided horizontally mto seven 
coloured spaces, or bands of unequal extent, succeedinp^ each other in the 
order representee! t redj orange, yellow, grem, bhu, indigo, violet, 

2. These bands are not s^»rated by distinct lines, so that it is difficult to 
determine where one ends and another commences, the several tints at their 
borders b&ng blended, and each almost imperceptibly united with those next 
to it ; the whole spectrum exhibiting the seven principal colours, with inter* 
mediate shades or mixtures. 

m • • • 

CCLXl. By whom, and by what experiment was the compound nature of IlgM 
Bade known 1 How is the separation of white light into its constituent coloured 
raya most advantaf^eously displayed 1 What Is the image of a beam of light refracted 
by a prism usually denominated 1 Into how many, and what «teces is the 
spectrum divided 1 What are the two extremes or the spectrum 1 




rt L It «i11 be taeA by ths above Bnn,tiMt all the tars >n 

■Mnewtuii bent out li thai coune the nolet, tbe mo*^ and tba red ilu 

i. Tfaa rsctuipiliT screen HN, on Which ieteMired lb* £ffinaittmnii* 
Mlled lbs rpedram. 

Eiperimait 1. The followint; eiperimeiil ii (rfUn dtoj sa eridance <i 
men oeing scrai primerr eolmn luunely, that if tbe Querent pritmitB 
eolaond nji b« allowed to piae tbougfa a double mmiajc leaa they becom 
«hit0-li^t. 

^ ne aamc rfeet ie prodaced br miiins ia the propet ptoportimu esroi 
cnSeceat coloond powden ; or alill better, bj ptiatrng the aeien coloun on 
a drenlar boerd, 'm ^w proportioiu occupied by theaa aerenl colom ni tht 
^■ectnun, and wiuriing the board very rapidly. 

CCLXII. Tbe prismatic coioun aro seen in spiaj 
that riseB from waterfallfi, cascades, fountains, daw on tM 
grass, glass ornaments, about chandeliers, rainbows, &c. 
Tbe coloun of the rainbow are also often seen in the 
redaction of light through a tumbler of water, standing n 
'■-- — - In all these cases, the back of the »' 



must be turned towards the sun. It is owing probdily M 
the same principle, that we often see clouds dedted in th» 
most KOFKeouB colours. 

CCLXIII. The rainbow is a phenomenon produced 
by the refraction and reflection of light by the dnjH of 
felling ram, and can only be seen when the sun is m As 
part of the heayens opposite the rainbow. 



6PtlO& in 

CCLXIV. Rainbows are single or double. The foU 
)owing illustration represents the single rainbow which is 
produced by two refractions, and one reflection. 

JUuttration, While the sun is shining upon tiie falling drops of rain, all 
those rays that enter the drop near the edge as atck fiff. 146, are refracted and 
reach the bftdL part of the dtdp at &, where^ instead of being transmitted and 
passing out of the drop, are r^ected in the direction b e^ and on arrivinff at 
& are again refracted and reach the eye of the spectator at «^ where ea£ of 
tne colonrs being differently refracted and separated from etJck other all the 
eoburs of the rambow are exhibited. 

Fig. 145. 




CCLXV. The double rainbow is represented in the 
finnn of a double arch, one within the other^-^the outer 
bow is always fainter than the inner, and has also its order 
of colours reversed ; it also requires two reflections and 
two refractions. 

Miuathtiimi, Fig. 146, iUostriites the case where a double rainbow is seen, 
■ad describes the track of the ray, bk what is cillled the Secondary bow, 
where the ray r enters the drop at a, and is refiracted in the line a b^ and at 
6 it is first reflected and moves in the direction b e^ and aeain reflected at c 
in the line e d^ until it arrives at d, where it sufl^ another refraction Imd 
from the drop, and reaches the eye of the spectator at e. 



ObserwUion 1. The Colours of the secondary rainbow ere paler than tiiose 
cf the primary, because some of the light is lost in the extra reflection of the 
fcffmer. 



OCLXIV. What are the kinds of rainbow 1 Illastrate the ain^e rainbow. CCLXV. 
Define the double rainbow. lUufitrate it by the diagram. Wby to the secondMry 
laMMWfidnterl 
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% Ttkt nunbow »MiiiiMt the fonn of a 
•mejes that the nfia^ttdiaya ore 
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CCLXYL The colour of all bodies depends as befoie 
stated on some peoj^iiff property of their surfaces causing 
them to absorb some of tne coloured rays and reflect 
others. 

CCLXVn. AlLbpdies have the colour of those rays 
which are reflected jiroiin them, while all the other rays 
are absorbed. 

JUustrtOum L Thus on every body illuminated by the laya of the bqih 
the whole seren primary rays are supposed to filll. 

2. Tlie grass and other vegetables are greeui because the green rasrs only 
are reflected, and all the rest are absorbed ; and the same remaik uiphes to 
all 9th^ cqlopred surfaces. 

1 In black' all the ravs are absorbed \ and in white, they are all leflec^ 
vi^t9 .andiUaok- axe tneMfore not strictly colours, thougfitin popular &■ 
gpM$^ tl(c^ }u;e often so caUed. 

CCiLX^III. Double refraction is the pnipes^ e;diibil* 
ed by some transparent bodies, of forming a double image 
of any object seen through them. A peculiar lup^ ^ 
cxitii^lli^ limestone called Iceland spar, is one of dip 
most celebrated minerals for exhibiting a doul^O n$nkc 
tion. 

A B JD 
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JlkulraHon L This niodeof refraction may be ezperimoitally demonatrated 
by mrans of asinall plate of Iceland spar, or crystallized carbonate of lime^ 
not more than i of an inch in thickness. If a plate of glass be placed over 
either or all the preceding figures, A, B, C, D, each will appear singly, as to 
the naked eye ; but if a plate of Iceland spar be held above one of the figures, 
a double image will be p^ceived, as two dots, two circles^ or two lines in- 
stead of one. 

2. The distance between the two images will depend on the thickness of 
the plate of spar. If it be i of an inch thick, the images wfli be so near 
together -that the little circle B will look like a figure of 8. There is,' how- 
ever, another circumstance which will influence the relative separation of 
the images ; and that is the position of the plate ; for if it be laid flat on the 
paper and slowly turned round horizontally, one of the images will be per- 
ceived to revolve round the other; so that the circle will in one position ap- 
pear thus 8, and in another thus co ; and the lines will coalesce and diverge 
fluccessively. as the plate is made to revolve. 

3. In explanation of this phenomenon it may be stated that a ray of light 
on entering into the transparent spar becomes divided into two pornons, one 
of which follows the ordinary law of refraction, while the other tmd^goes a 
separate refraction, according to a new and extraoidinary law. The Iceland 
spar consists of rhomboidal crystals, masses of which are always reducible 
by natural cleavajge into exact rhomboids. These are the forms of the 
molecules into which the mass can be separated by continued subdivisien t 
and in every one of these rhomlxHds the short diagonal is called the optical 
axis. 

5%. 148. 




e 

4. Thus in the above figure the diagontd fine C represents the axis of thd 
rhomboidal solid A B. Now if a ray of light is transmitted through a crystal 
in the line of its optical axis no double image will be formed, and the ra]r w^l 
be refracted simply according to the ordinary law of the propordonul sines f 
for in this case the ordinary and extraormnary raji^s, as they have been 
termed, will coincide. But in all other cases the law is essentially dilBferent, 
the ray becoming divided, and one part of the pencil will be refracted, ac- 
cording to a law of a very singcdar and complicated nature. 

OPTICAL INSTRUMENTS. 

CCLXIX. Spectacles are instruments used to aid im- 
perfect sight. They have been used since the latter part 
of the l^h century; but the magnifying properties of 

, - ■ ■ , - - ^ - . - - • - ^ — 

Give the first illustration. What circumstance determines the amount of separation 1 
What is the explanation in third illustration 1 What is the form of the crystal of 
teetead spar 1 What is the optical axis of siich a crystall OOLXIX. Deaae 
laelas, and give their history. 

13 
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convex lenses or other transparent bodies was known att 
much earlier period, tbougn we are not inforoked €S the . 
precise manner in which they were used. 

CCLXX. There are two distinct kinds of spectacles, 
those with convex glasses which magnify objects seeit 
through them; and those with concave glasses which di* 
minisfa objects. 

. CCLXXI. In old persons the transparent cornea be- 
comes flattened, and possibly also the crystalline lens ; 
consequently the rays of light irom distant objects do not 
converge to a focus so as to form a distinct image on the 
retina — unless the objects axe at a considerable distance 
from the eye. 

I Mhuiraium 1. Tkus it happens that old peo^ who attempt to read widir 
out the aid of speetaclea^ are obliged to bold the book at arm's lengdkr Ths 

manner in whicb they are aided by spectacles may beiUustrated by ^- 

iag the aooompcnying woodcut, mg. 149* 

Fig. 14a 




2. I^t C D be supposed to represent a sectibn of the crystalfine lens, amf 
A-B s similar section of a spectacle lens. Then the object O, at six indiss 
fiom the eye will form a perfect image on the retina, at R; but if the latter 
lens be removed^ the object at the same distance witt appear eonfbaed, and 
in order to appear distinct must be withdrawn three or four times that dis- 
tance, and if it iMTTery nninite, the unassisted eye casnot see k distinctly 
at any distanea 

CCLXXIL Short, or near-sighted persons have the 
transparent cornea too prominent, in consequence of which 
the rays of light from objects are conveyed to a focus, 
before they reach the retioa^ unless the object be brought 
near the eye. . 

MhutraUon L Where this peculiarity of vision exists but in a alight i^ 

OCLXX. How many kinds of spectaclei, and what are thsy 1 CCLXXt What is 
the defect in the sight of old pe ople 1 Illaetrate by the dia|^«m the aid aflbffded bf 
eonvez epeetacles. CCLXXu. What Is ths defeet of shortHri^ited vkaj^ r--* -*-* 
advantages have rach perwnal 
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gtee^ it is rather an adfantage than otherwise^ ae the individuals are thos 
•gifted with a Idnd of microscopic sight ; for they can see smaller ol^ts than 
are commonly discerned by others, and are merely obliged to hold them 
relatively nearer to the eye. Distant objects, however, can only be seen 
confusedly; and hence the advantage such persons derive from concave 
spectacles. The nature of the assistance which these glasses afibrd will 
vppeai from considering the following diagram. 

F!g.liSa 




2. Let C D, as before, represent a section of the crystalline lens, then the 
rays from the object O will be rendered somewhat divergent in their passage 
throu^ the concave glass A B, so that the effect of the prominent cor- 
nea on them will be duninished, and they will form a perfect image at R ; 
whereas if the concave glass were removed, the rays would come to a 
•focus before they reached the retina, and diverging again, the image would 
be confused. 

CCLXXIII. Microscopes are instruments for magni- 
fying small objects, and are of two kinds, Single and 
Compound. 

CCLXXIV. The single microscope consists of a dou- 
ble convex lens — such is the common sun-glass ; the 
glasses of spectacles for old people, the glasses used by 
watchmakers for examining fine work. 

CCLXXV. The compound microscope consists essen- 
tially of two convex lenses, the one towards the objects, 
called the object-glass ; that towards the eye, called the 
eye-glass. The lenses are generally closed in a tube for 
the purpose of convenience. 

JUustration. The position of the glasses will be readily understood by in- 
specting the woodcut, fig. 151, on the following pa^. 

The object a is placed a little beyond the object-glass &, and an inverted 
ima^ formed at c, which as the njs proceed to a| is magnified and after 
passmg though the lens d^ it is again mverted, where the rays cross eacit 
other near the eye and is painted on the retina. 



Dlostrate the use of coneave upectacles by (be diacTBin, fig. 150. CCLXXni. Wh«t 
tre mkroacopes, and how many kinds 1 CCLXXIv. Define the single. CCLXXY. 
Define the compoand, and iUiistnte by tlM dtagrun. 




CCLXXVI. The Solar microscope depends on the 
BuneluDe, and is uaed in a darkened room. It ctHuisti 
of a moreable mirror, a large double conrex lens, and a 
small one. 

Atujfniioii. The fbnn ctf [he parts and thorrdaiiTB poMiioii mar bam- 
dwilood br ingpecting ihe 6gvm belaw, vbare c npraantB Iha mDveaUi 
Burroi to recetre the rayi of tne mn, oe ; i is the boga dooUe mutez lana U 
oondenae the nys to a toait at a, and d the Knall doable ooonai loM t> • 
magni^ cbe image irhich falls on a luge white •ranea at a. 
Fig. 153. 




lescopea are instraments toi Tifliriiig 
are of two itintiB, Refracting taiA B*- 



CCLXXVn. TeleK 
distant objects, and are o 
fleeting. 

CCLXXVIII. In the iirst kind the imase of the objeot 
is teen with the eye directed towards it, and in the lecooi^ 
the image is seen reflected from a mirror.' 

CCLXXIX. The most simple refracting telescope coih 

Cmxn Delliu Iha milar mtcraicape. lUoMiau » b^ Of. lU COUUVIL 
»»ea Ct^JtXVUL B^ 



bylbe leleiupa, and 
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Bists essentially of two convex lenses, one towards the 
object and called the object-glass, the other next the eye 
called the eye-glass. The distance of the -knees from 
each other must be such that their foci will meet in the 
same point : or in other words the distance must be equal 
to the sum of their focal distances. 

Rluetraiian. See the woodcut below. 

Fig. 153. 




Tf!t.- above figure represents the glasses of the telescope without the tube, 
wiii'jh though generally used is not a necessary appendfu^to the instrament. 

'I'o explain further the principles of the telescope ; fet the focus of the 
object-gkss a, in the last figure, be 8 inches, and that of the eye-glass &, be 2, 
then the suras of their foci will be 10 inches, therefore the two lenses must 
be placed 10 inches apart 

To illustrate this subject still farther, let c d, dtc, represent the rays firom 
some distant object as ^e moon, then the image formed by the object-glass 
o, and seen through the eye-glass b, will have its apparent diameter very 
much magnified. 

With such a telescope the ima^ will, with respect to the object, be in- 
verted, but in viewing celestial objects, this circumstance is a matter of no 
consequence. 

CCLXXX. The Terrestrial telescope is used to view 
objects on the earth in an erect position, and consists of 
an object-glass, and three eye-glasses. 

JlluatrcUion. The manner in which the object is made to appear erect and 
m which the rays are brought to a focus, may be learned nom the ngmo 
below. * 

Fig. 154. 




CCLXXX. What is the difference between the aatronomical and the terrestrial 
lelescopal Deseribe the tenrastxial telescope. lUustimle it by the diisnun. 

13» 
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. The diagram, fi^. 154» lepnients the terrastrM telesco^ consiBtiiig of aa 
object-dass and three eye-glasaes as a, &, q A» ci— the object of the two ad* 
dittonueye-ehiflses is to cause the object to appear erect, bat thef do not alter 
its apparent diameter. All the glasses are placed at the sum of their (beal 
distances from each other, as may be seen by inspecting the figmre, and the 
ecmrse of the rays may also be seen, by tracing the lines in the diagrun, 
where o represents the object, and the rays oommff from it are refracted by 
the lens <l and converged to a focus at f^ where tney cross each otho^ and 
passing tnrough the lens &, are render^ parallel ; passing throngfa e^ they 
affain cross each other, as seen by the lines of the diagram and the position 
of the arrow; and by passing through the lens dy they are rendered nxm 
nearly parallel, in wnich state they enter the eye on the retina, of which the 
imaffe )A painted inverted but makmg the object appear erect. 

Ooservation, The common spy-elass is an instrument of this kind. Those 
of the best manufacture, will enable one to see distinctly the satdlites of 
Jupiter,' and will for most i)urpoaes answer as a substitute for the telescope. 
To ascertain the comparative value of a telescope^ place a paragraph of a 
newspaper or other fine print, and measure the distance reijpiiredTto read it, 
by the instrument to be tried, and compare with a standard mstmment 

CCLXXXI. The ma^ifying power of the reflectiDg 
telescope is found by dividing the focal distance of tbe 
object-glass by the focal distance of one of the eye- 
glasses. ' 

CCLXXXII. The common reflecting telescope consists 
of two reflectors, and one or more convex eye-glasses. 

Fig. 165. 




BhutraHen. vhe preceding diagram shows the ^neral constractiaa aid 
effect of the If ewtoman reflecting telescope, in which the concave metaltie 
speculum C D receiving the rays issuing from the object A B, which it teO' 
ddta convergent, and thus forms a reversed image in the plane mhror E F, 
inclined at an angle of 46 degrees ; and this image heme reflected to d c^ at 
the focus of tho lens or eye-glass G H, is seen through we aperttire before it 
by the observer. 

ObBervaHoTL In the original or Gregorian teleicope, the Image is viewed 
by looking towards the ob^t, as in the refractiiuf telescope ; and there an 
other mocBfications of this mstrument, as those orCassegrain and Etersebei^ 
which need not be introduced in so short and general a treatise^ as thapnr 
ent work is intended to be. 

OCLXXXL How is the mafnifyinf power of the rafraetfaif telescope 
OCLXXxn. Pesciibe the reflsctlag t s to saops. CttfelS^ ' 
tlon. 
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CCLXXXIII. Camera Obscurcu This instrument 
consists of a darkened room supplied with a screen, and 
having an aperture, ia its side or top for receiving the 
rays of light from without. 

JUMslrMlhn. T9 make mn ezperiment with this instrament, let a room be 
flo close as to exclude the Hght, and from $t small aperture allow the light 
to enter on one side; the image of external objects, such as trees, houses, 
f)eople walkings unil be seen in an inyerted position on the wails opposite to 
ttie aperture. 

Observation. The necessity of the inverted image will appear, when we 
recollect that light always moves in straight lines, and that tnese rays which 
come from the top of an object, as a house, or a tree, after passing through 
the apeiture, will keep on in a straight line, and those rays from the bottom 
of the object, will, for the same reason, continue after passing the aperture^ 
in a straight line, and in an upward direction ; consequently, the rays must 
cross eacn other just after passing through the aperture. These observations 
ivill appear more intelligible by the diagram, fig. 156, where the ray a, after 

i)a8sing the aperture, constitutes the lowest part of the image &, whue the 
owest part of the object c becomes the highest in the image at d 

Fig. 156. 

a 




CCLXXXIV. The camera obscura, from the definite- 
ness with which it represents objects, is often used by 
painters for taking landscapes and other viefrs — in whicn 
case, tie image is received on white paper, and its out- 
lines traced with a pencil, and the body of the picture^ 
left to be filled up at leisure. 

CCLXXXV. This machine is rendered portable and 
so fitted up as to be allowed to revolve on a centre. 

Jllustration. The revolving camera obscura is shown at fis^. 157, where 
the line a 6, rq;)resent8 the inclined reflector, capable of revolving with tho 

CCLXXXIII. Describe the camera obscura. Give the illustration. Why is the 
Image of objects inverted 1 Explain by diasrara. CCLXXXIV. What are the uses 
ofthis insgrmnentl CCLXXXV. What modifications of the camera obscura? Blus- 
teste the nvohnnf caaMrm obsconu 



a*noAL msTBOiiBins 

Inm tf thare w tn openinf on one side, wharo Ae ray« o cn tar^arf beh| 
nflectad downward by iha rairror, paaa the Icna.c^ and are w»«5*/»J" 
■oiwn « «, which being of white paper the expcnmenteris enabled tenaet 
the fiaw by ineani af the opening fc in the akk- 
' Fig. 167. 




CCLXXXVI. The camera lucida was inyented by 
Dr, WoUaston, in 1807, for ihe purpose of delineating 
distant objects, and for copying or reducing drawings. 
This instrument consists of a quadrangular glass prism, 
by which the rays from an object are twice reflected. 

JlhiatrtUitm 1. Ita form is shown in fig. 158. The object o to be traced ia op- 
poatte the perpendicular aurface of the priam/, and the rays proceeding from o 
paaa through thia aurface, and fall on the inclined plane e, making an angle 
with/of 671^: iirom thia they are reflected at an equal angle to flie plane a, 
making an aogw of 135^ with a, and are again reflected to the eye above the 
horisontal plane, which makea an angle of- 67i° with the last reflection. 
The rajra or Ught from the ohjects proceeding upward from a towards the 
aye of the obaerver, the obaerver will be led to imagine the image at t, and 
by placing the papinr below m this plaoe^ the image may be traced with a 
pencil. 

2. In order to increaae or diminish the size of the picture, tho prism ia 
mounted in a brasa ftume supported by brass tubes, capable ojf being drawn 
out or ahortened at pleasure. The picture alwaya bears the same relation hi 
aize to the object as the distance from the eye to the image or paper ia to the 
distance from the object to the eye ; hence by lengthening the tubea the 
drawing is increased m size : it should be remarked, that by this prism no 
leal image ia formed, but it alwaya appears as far below the prism aa the 
object ia t>efore it The brass fi^me of the prism haa usually two lensea^ one 



^^CXXXXVL DeBcribe the camera locida. CUve the illustrations. 
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andtheothircoiiTeiytiielbrmertobeiiiedliiftoiitat/iif 

V^ited perwHU^ the latter above at A fi>r long-ogfatk 

fig. 15a 




CCLXXXVII. The Magic Lantern, As an amU'* 
sing as ivell as instructive optical machine, there is 
hardly any superior to the magic lantern, invented by 
Father lurcher. It is composed, as shown in fiaure 
J 69, of a square tin box, containing a lamp, behind 
which is placed a metallic concave reflector a ; and 
in front of the lamp is a plano-convex lens 6, which 
receives on its plane surface the reflected li^t of the 
lamp, and concentrates it on the object, which is magni* 
fied by another lens c fitted to the extremity of a lube 
projecting from the lantern. The objects are painted on 
thin plates of glass, which may be passed through a nar- 
row opening in the tube between the two lenses. Tliis 

Fig.l60L 
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Aat the tnbe caujius the outer Iok hhejt be ckswalMd^ 
waid or ftswsid, uutfae ob)ect is in the coBJugBte fiKOi 
«f tiiat lens. Thenif itbetimiedtowaEdaTerticalsciee% 
a magnified iniBge wiH be fimned, as seen in the iniaki 
cxoBs; and the toztfaer tbe lanfeem is withdnnni from A0 
acreeoy Ae iBger will die object appear; bvt wha A0 
IS ooDflneEalMe it 



ELECTBICITY. 

Tkis nbject win be treated muier tbe fiolIiGnraig headf: 

Cosmofi El^ctnctijfy 
Galvanic Electridtgy 
Magnetic Elecirieitjf. 
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CCLXXXmL E1.KGTRICITT is CQDipazatiTely a mod- 
cm science. Tbe anrienta, it is trae, were aoquainted 
wilb a fiew delached hcXs ; tbey knew^ tat example* tbat 
amber (called in Greek electroo) bad the power of at- 
tntftiog and r^)clling U^t bodies, after it baa been nibbed 
in contact witb a piece of wodlen or silk. Tbe ambert 
JD consequence of this remarkable prop erty , was called 
an electric^ and tbe pbenomena presented by it were 
together called electricity. Afterward, other substances, 
haTing properties similar to amber, were discoreied; 
among which are glass, rosin, solphnr, sealing-waz, Ac, 
all of which were denominated electrics^ and adl those 
wbicb could not be excited, were called iton-eleclricf • 

GCLXXXIX. Electricity is supposed to le a subtile 
fluid, somewhat like caloric in its nature ; the earth aod 
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every body with which we are acquainted^ contains a cer^ 
tain portion of it, which exists on the surface, and in a 
latent or concealed state, so that we are not aware of its 
presence, until we take some means of exciting it. 

UtustraiuM, Thus, if a glass tabe be rubbed in contact with a silk hand- 
kerchief it will attract li^t substances when brought near, such as small 
firagments of paper, cotton,*gold-leai^ dbc. ; and if the knuckle be brought near 
the tube while in this states a small sparic will pass from the tube to the 
hand, accompanied with a snapping noisoi and a sensation like the pxick of 
a pin. 

ExperimenL Suspend a light fisather by a piece of fine thread, and having 
ezcitoi the glass tube by means of ^Ik, present it to the feather, which will be 
attracted, but on gently withdrawing and again bringing it near the feather, 
the latter will be steadily repelled, so that it will be impossible to approach it 
with the tube ; after a whue, however, it loses its rqmlsive power, and is 
again attracted and then repelled as before ; these two states may be under- 
stood by inspecting the accompanying wood-cut : — 

Fig. 16a 




. CCXC. It would be interesting to inquire, what takes 
place when we rub a piece of glass with a silk handker* 
chief? According to Dr. Franklin, the silk and glass, 
before being rubbed, contained an equal share of the elec- 

Define the ilhrntmion and eiperinwnt. OOKO. CMte the rationale according to 
Pranldin's theory. 
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trie fluid, which was uniformly spread over the smface' 
but when the two were rubbed in contact, the silk wm 
robbed of a part of its electricity by the glass ; hence the 
former has less than its natural share, and the latter more; 
if therefore, we present to the glass any body that has not 
been excited, it will receive from it its excess of electricity 
in the form of a spark, as proved by presenting the knuckle 
to the excited tube. But the silk may be made to exhibit 
the spark also after friction, by presenting it to an unex- 
cited body ; here, however, the spark passes from the body 
to the silk, because the latter being robbed of its fluid by 
the glass, has really less than it had at first, and will take 
it from any body that has its full natural share. 

CCXCI. From the above remarks, it appears that 
electricity has a tendency to diffuse itself uniformly over 
the surfaces of all bodies. This is called its tendency to 
an equilibrium; and electrical experiments are notning 
more than the different methods of disturbing this equi- 
librium, or, in other words, robbing one body of its electri- 
city to give it to another. 

Experiment 1. Excite the glass tube, (as in Esrt. Prop, ccbuudz.,) and 
cause it to repel the feather ; while in this state, rub a stick of sealing-wai 
or roll of sulphur, in contact with flannel or woollen cloth, and present it to 
the feather, it will be attracted and fly to \t, 

2. Now reverse the experiment, and having electrified the feather by tha 
sealing-wax, bring the excited glass near it, and instead of being repelled, it 
will be attracted. 

Observation 1. These experiments show that the electncity excited in the 
glass, differs from that excited in the sealing-wax, inasmuch as bodies re-, 
pelled by the former, are attracted by the latter; and vice versa. 

2. Hence bodies havinff the same kind of eleotricihr, as was before shown, 
(cclxxxix.,) repel each o£er, while those having difierent kinds attract each 
other. 

CCXCII. Du Fay, a French electrician, explained the 
above facts, by supposing there were two distinct electric 
fluids, one naturally belonginff to the sealing-wa.x, resin, 
and all resinous bodies, and the other belonging to glass, 
and all vitrified or glassy bodies : the former was accord- 
ingly called resinous electricity, and the latter vitreous; 

_, CCXCI. What is the tendency of elcctrlcJlyl Describe experiments 1 and 2. 
Whatdp they proval CCXCII. What is the kferwoe from tbese expwftiwiiisl 
WJXCn. Bow did Du Fay explain them 1 « 



OONDOCTOIS AND NON-COMDOOTOBfl. 

but the terms negative and positive are more generally 
used at the present time ; the former corresponds to the 
resinous, and the latter to the vitreous. The feather elec- 
trified by the excited glass , is said to be in a positive state, 
while that by the sealing-wax is negative. 

CCXCIII If the glass when rubbed by the silk be 
positive, by robbing the silk of a portion of its electricity, 
the silk is necessarily lendered deficient or negative ; 
hence we have developed another electrical law, which is, 
" that one kind of electricity cannot be produced without 
the other," and that when the body becomes positive, 
»ome part of the exciting arrangement must be as highly 
negative. 

Ilhutration. When silk is robbed with glass, the silk is negative and the- 
gfass positive; when flannel and sealing-wax are used, the former is poa^ 
tiTe, and the latter negative. 

CCXCIV. There are a number of familiar instances of 

electrical phenomena. 

Ilhislration 1. If the back of a cat be rubbed at night, esijedally in clear 
and cold weather, you will observe sparks, accompanied with a snapping 
noise and a pricking sensation in the hand, from the electricity developed by. 
tJ\e /riciian, 

2. Another familiar example is frequently noticed. When taking off 
clothing, and especially silk which has been worn next to the skin, sparka 
have b^n known to come from the silk, accompanied with a snapping noise, 
niiis is often seen in drawing off a silk stocking in cold and clear weather; 
if I consequence of the silk becoming highly negative by the fiiction, a sparit - 
vdfl pass from the foot to the silk to restore the equilibrium. 

CCXCV. The most abundant natural source of elec- 
tricity is in the atmosphere and earth, and is often ex- 
hibited in the form ot lightning, during thunder-storms. 
This subject will be further noticed under the head of 
Ughtning. 

CONDUCTORS AND NON-CONDUCTORS OP ELSCTRIGITY. 

CCXCVI. Those bodies which allow the electric fluid 
to pervade their whole surface, when an electrified body 
is brought into contact, are called conductors of electricity, 

CCXCin. What law is developed by rubbing glass and silk 1 Give the illastration. 
DCXCIV. What experiment is referred to with cat's ftirl What experim ent witna 
■nk stockiiu; is mentionedl CCXCV. MHiat is said of tiie atmospliera 1 CCXOVL 
Oeflne contmetonraod non*conduetors. 
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while those which will not transmit it beyond the poiiit 
of contact, are called non-conductws. 

Fig. 16L 



ExperimenL Suspend from the ceiling by a silk thread, a bar of metd at 
■een m the wood-cut, and in a similar manner suspend a f^laaa tube or rod 
of similar dimensions; excite another glass tube and bring it in contact with 
one end of the metal, which mtUI receive a slight spaik, and on approaching 
the opposite end with a feather, or some other lignt body, it wUl oe imme- 
diately attracted, showing that the electric fluid which had been communi* 
eated to one end of the bar, had traversed the whole length, by means of die 
conducting power of the metaL If we attempt the same experiment with 
the similarly constructed fflass bar or rod, we shall find ihat the fluid com- 
municated to one end of the tube, cannot be perceived by approaching the 
other with a feather, proving thereby that the glass will not conduct the 
electric fluid over its surface. 

CCXCVII. The metals are by far the most perfect 
conductors ; next to them, well-burnt charcoal and black 
lead ; then strong acids, such as oil of vitriol, aquafortis, 
&c. Water, rarefied air, most vapours, earthy bodies, 
and m^ailic ores, are imperfect conductors. 

I 

CCXCVIII. Shellac is the most perfect non-conduc- 
tor : sulphur, sealing-wax, resin and all resinous bodies, 
glass, raw and bleached silk, dry air and baked wood^ are 
also non-conductors. 

CCXCIX. Any body is said to be insulated when 
placed in such a situation as to be surrounded by non-* 
conductors. Thus, the metallic bar in the experiment 
last described, which is in contact with nothmg but silk 
and dry air, both non-conductors, is said to be insulated 
A person may be insulated by standing on a stool sup- 
ported by glass legs. 



Deicribe the experiment with metal and glass rod. CCXCVR Describe the 
Blirent condoelors in their order of conducting power. CCXOVUL Deserlbt tki 
■OB-ooaductoni to the same manner. CCXCIX. What is uoder8to9d bj *'*""htf*T 
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ELECTRICITY BY INDUCTION 

CCC. When a glass tube is excited (as in the exj)eri- 
ment under proposition ccxci.) and brought near b, feather 
or other light body, the latter is thrown into an opposite 
electrical state ; that^is, if the tube be positive, the light 
body will be negative, and vice versa. The light sub- 
stance thus excited, is said to be electrified by induction. 

Obaervation. Electricity by induction is always produced when an excited 
body is brought near another body unezdted; The same eflfect is produced, 
if one side of a non-conductor receiye one kind of electricity; the opposite 
iide is thrown into the op^site state by induction. This will be further 
cqilained under the Leyden jar. 

ELECTROMETERS. 

- CCCI. An electrometer is an in- 
Pig. 162. strument used for showinff when a 

body is electrically excited. It is made 
in a variety of shapes ; one of the most 
common is that represented in the ac- 
companying wood-cut, in which a glass 
rod, bent in the proper form, and in- 
serted into a wooaen base, supports a 
couple of pith balls, which are sus- 
pended by delicate threads of white 
silk. When an excited body is pre? 
sented, the balls will be first attracted ; 
but acquiring the same degree of eke 
tricity as the excited body, they will 
soon be repelled as seen in the ngure. 

CCCII. One of the most useful, simple, and, easily 
made, is constructed by suspending two very liffht and 
downy feathers by two threads of raw silk, from tne ceil- 
ing, or some other convenient place. The threads should 
be at least four feet in length, and when unexcited will 
hang together, but on approaching them with an excited 
^■^^■— ^^-«— ^^^^■^"^■^■"■^■^""^^"^^■^^^^^^^""^■^■^"^■"""^^^^^^^^^^"^'"^^^^""^^"^^^^^^^^^^^^ 

OCC. What Is meant by electricity by indnetion? What obserratioii iUtntrates 
tfM sabjectt 0001. Define eleotrometers. CCOQ. Describe the iQoat Ample eoB> 




m 



COMMON ELfiCTSSOtTV, 




glass lube, they will first be attracted^ but both acquiring 
the same kind of electricity, they will soon be repelled. 

CCCIII. For still more delicate purposes, the gold-leaf 
pr 163 electrometer of Bennet is substituted; it ii 
generally enclosed in-a glass jar, and consists d 
a brass cap and a connecting wire, which passes 
through the cover, and terminates in two strips 
of gold-leaf, as seen in the accompanying 
figure. I have seen the gold-leaves diverge, 
by bringing an excited glass tube within five 
or six feet of the brass cap, 

CCCIV. There is a fourth kind of electrometer, called 
the quadrant electrometer, as seen in the wood-cut. The 

stem is made of wood, and the semicircle 
F%. 164. of ivory, the lower half of which is divided 
into ninety degrees ; from the centre of the 
semicircle hangs a rod of light wood, with 
a knob of pith or cork at the end, to serve 
as an index. 

If this electrometer be placed in contact 
with any body to be electrified, the index 
will rise as the electric fluid accumulates, 
until it point to ninety degrees, which indi 
cates the greatest intensity of which the 
instrument is susceptible. 




ELECTRICAL MACHINES. 

CCCV. The electrical machine is made in a yariety 
of forms, but there are two kinds in general use, the cylin' 
der and plate machines. 

MktitrtUum, The figure 166 represents a glass cylinder C G, fiom 10 to 16 
InohoiB in diameter, aim about twenty incl^s in lengdi, supported bo t|iat h 
may turn on its axis, on two pillars of glass, fixed to a wooden stand. Tipo 
metallic oondnctors, P N, equal in length to the cylinder, and about one tlihd 
<^ its diameter, are fixed parallel with it on either side, upon two glass pfl«. 
lars, which are cemented into two separate pieces of wood sliding in g room 



CCCIII. Describe Bennetts electrometer. OOCIV. Describe the quadrant «..«- 
Irometer. OOOV. Descflbe the eleetrical maehine. Give the iltotratlai 9i dM 
tjUoder maehlae. 



. to tbu th«]' ma)r be respectively ndjuattd al any dislancs trom ihs crlindsr 
requircJ. Tooiieof theBccoaductorB N, ieaii!idL<3d s cushion, an inch snd 
■ half wide, and oboul >a Inng B9 Ihe cylinder, igninBt which ll msy be 
, mado (0 preSB by meBnsof a belli airing: find lolheupperpaitof itUMW«d 
a flap of oiled flilk, which eilends loosely over ihe cyliiiaer, to within an inch 
of u row- of brass pins or pointed wirea. proceeding from the side of the oppo- 
(ile conduclnr. The conductor to which the cu^ion ia iIlBched, is called 
the negativf- coaductori and the other, which by means of its pokitacoUecU 
_i....:_._ *, — .!,„ .i„j^ jj named the poBitiva conductor, and alao the 
f nder may be made to revolve m the ditecdoQ of 
w nch C led to t, or by a mult^ilyinij; wheel W. 
Fg 16 




CCC\I When it is requisite to obtain poBitive elec- ■ 
tricity, the cushion or negalire conductor must be con- 
nected with the wooden stand of the machine by a chain 
or wire, and thus the electnc equihbnum of the rubber is 
restored by the earth as fast as it is disturbed by the 
action of tne machine , but the opposite positive conduct- 
or being insulated cannot return to a state of equilibrium, 
except by the action of the wire. If it be required to pro- 
duce electricity, the cushion must be insulated by remov- 
ing the chain, and attaching it to the prime conductor P, 
whence the positive electricity will pass to the earth, and 
the conductor N will become negatively electiified. 

CCCVII. The plate electrical machine, consists of it 



flat plaM of glass of the kind used in making lookiiv-1 w 
sUues; it is cut into a circular form, a hole ia muti ^ 
uirough its centre, and an axis passes ihrough it. It ii 
then mounted on wooden pillars or framework, with ihs 
axis horizontal, like a common grindstone. The nibba 
are fiUed on each side or the plate, and the prime cot- 
ductor near its circumfeience ; this ia used in the 
manner as the cylinder machine. 

CCCVIII. To put the electrical machine in good order, 
every part must be dry and clean, because dust or moist- 
ure would, by its conducting power, diffuse the electric 
fiuid as fast as accumulated. To increase the effect an 
amalgam made by mixing one part of metallic antunony 
in a melted state with two of quicksilver, heated nearly to 
the boiling point — and making them into a stiff ointment 
with lard — the rubber is corered with this amalgam. 

CCCIX. Both the cylinder and plate machines are in 
general use ; but for ordinary purposes, the former is pre< 
rerable ; as it is more simple in its construction, and more 
easily managed. 

Fig. 160. 




CCCX. By meaiu of attraction and repulsion, a gnat 
variety of elegant and amusing ezperimenta may lie made 
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with the electrical machine. Among the moet striking of 
these is the head of hair, which stands on end when ex- 
cited, in consequence of the repulsion of the similarly 
, electrified haira. A similar experiment is made by placing 
. a person upon the insulating stool, in connexion with the 
pnme cooauctor of the machine as seen in figure 166. 

CCCXI. The electric bells, the pantomime dance, the 
fllectiic fly-wheel, the electric orrery, luminous wordi, 
ice, are all highly interesting and amusing experiments. 

CCCXII. The electric bells consist of three or more 
small l)ells as seen in fig. 167, suspended from a conduct- 
or by brass chains, with balls to act as clappers, suspended 
by silk threads between the bells — the middle one of 
which communicates with the table by means of a chain 
to carry off the excess of the electric fluid as fast as re- 
ceived. Thus the insulated ball will vibrate backward 
and forward to the electrified and to tlie non-electiified 
bell, aa soon as the machine is put in motion. 
Fig. m. Rg. 16a 
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CCCXIII. The pantomime dance is generally performed 
by preparing images of men and women in pith or paper, 
and placing them on a brass plate b, coTinected with the 
pound, ana having another plate a, a little above it sus- 
pended from the prime conductor, as seen in fig. 168 ; on 

OOCmL DMortbathaalMtitobalb. COOXm. Ovwrilx Uxdnclnffliiirw. 
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turning the electrical machine, the figures will mote 
rapidly from the one to the other plate. 

CCCXIV. The " Luminous Letter^ are nothing more 
than pieces of tin-foil cut out in the form of letters, and 
pasted on a pane of glass, so that the letters will be yeiy 
near each otner, but not in contact; and on connectisg 
one extreme of the word or words with the prime con- 
ductor, and the other with the hand or some some good 
conductor, a spark drawn from the conductor, and pas«M . 
over the letters, will render them luminous, as representea 
in the wood-cut below. 

Fig. 168. 

/■§■■■■■ CLICTWCfTYBHBaBHBBHall 
/ ■■■■■■■■■■■■■■■■■■■■■■■I 

CCCXV. A light float-wheel, the vanes of which are 
made of card paper, turning freely on a pin passed through 
its centre as an axle, will be put in motion by presenting 
to it an electrified point, apparently in consequence of the 
impulse of the stream of air which issues from the point. 

lUustratian. Whether the point be positively or natively electrified, the 
direction of the motion, as well as of the stream of air, is always the same. 
But if the wheel be placed on an insulating stem, as in the figure below, and 
introduced between the pointed wires of the universal discharger, which are to 
be placed as accurately as possible oppomte to each other, ana at the distance 
of an inch or more f^om the upper vanes; on connecting one of the wires 

Pig. 170. 




^XXaay, I>e«eribe the luminous letters. OCCXV. Oescfibe the 
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with the positive, atid the other with the negative conductor of an electncal 
machine and exciting it, the wheel will move as if impelled by a stream from 
the positive to the negative wire. On reversing the connexions so that the 
electricity of each wire is changed, the motion of the wheel will likewise be 
reversed. 

CCCXVL The Leyden jar, from its extensive uses in 
electrical experiments, and the amusement and instruction 
it affords, merits a particular description. The applica- 
tion and uses of this instrument, like many other raluablc 
discoveries, were the result of accident. 

Observation. During the middle part of the 18th century, wmle the subject 
of eVsctricity was acquiring considerable notice in Europe, an association 6f 
scientific gentlemen at Leyden were amusing themselves with electrical ex- 
periments, dunng which, it occurred to one of them to charge a tumbler of 
water with electricity, and learn by experiment whether it would afiect the 
taste. Having directed a current of electric fluid for some time into the 
water, he grasped the tumbler and brought it to his lips, bat before he could 
taste the water, he received the full charge of electricity in the extremity of 
bis nose, which happened to be very prominent. Consteniation seized the 
whole company, and various exaggerated reports were spread throughout the 
eountiy, of (he wonderful discovery and tremendous effects of the electric 
shock. Jars of water were at first used, but it was at length, proposed to 
use some substance that was a better conductor ; and the jars were partly 
filled with metallic filings. Subsequently, however, tinfoil was substituted 
for the metal filings, and this arrangement is now in general use. 

Fig. 171. CCCXVII. The Leyden jar is generally 

A made by coating externally and internally, 
a wide-mouthed glass jar, with a wire 
passing through its cap and extending to 
the bottom. The top of the wire is sur- 
mounted by the brass ball A, as seen in 
the wood -cut. 

CCCXVIII. To charge the jar, nothing more is ne- 
cessary than to present the brass ball A to the prime con- 
ductor of the electrical machine, while the latter is in 
action. The outside of the jar is generally either in con- 
nexion with the earth, by means of a chain or with the 
rubber. 

In order to discharge the jar, we use a discharger as 

represented by B in the wood-cut. The discharge is 

- 

0CX3XVI. How was the Leyden jar discovered 1 What kind of jars were first In 
Bsel What was at length substituted 1 CCCXVn. How are the Leyden jars gen- 
erally made 1 CCCXVIU. How is it charged, and how discharged 1 What remaik 
Is made with regai-<l to connecting the outer coating with the eairth ) 
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made by presenting one of the knobs a to the outsidA • 
^coating, and the other to the brass ball A, as in the positicm 
represented m fig. 171. 

Observation, It is generally stated in the books, that in order to chani 
the jar successfully, the outer coating should communicate by means ofa 
chahi, or some metallic conductor, with the earth ; but it is much belter to 
have the outer coating by means of a chain, in connexion with the mbbert 
by which means, the outer surfiice will become highly negative^ while till 
inner one becomes highly positive. 

CCCXIX. If, when we have charged the jar, we hold 
the exterior coating in one hand, and touch the knob with 
the other, the spark passes as before, and we perceive s 
peculiar, and in some cases, painful sensation at the wrist 
and elbows and across the breast, called the electric shock* 
Any number of persons can receive the shock at the same 
time, by forming themselves in a circle communicating 
with each other, and letting the first touch the outer coat- 
ing of the jar, and while his hand rests in contact, let the 
last one bring his finger to touch the knob, every person 
in the connexion will feel the shock at the same instant. 

Observation. The shock has been made to traverse a distlmce of fiwr 
miles, without perceptible lapse of time ; hence the motion of the electiic fluid 
must be incalculably rapid. 

CCCXX. It is natural to suppose, since we are com- 
pelled to coat the jar in order to charge it successfully, 
that the electricity resides in the coating ; but it can be 

E roved to reside in the glass only, for the coatings may 
e rendered moveable, and thus we can analyze the jar. 

Experiment. To a common quart tumbler, of the shape represented in the 
figure, fit an inside and outside coatine; of common tin plate, so that Uw 
glass shall project considerably above the coatings. To the 
bottom of the inner coating solder a piece of metallic vme, 
having a knob on the other end, and let the wire be bent into 
the form of a hook, for convenience in removing iu Having 
charged the jar in the usual way, remove the inner coating by 
means of a glass rod, and set it upon a table ; now remove tlia 
t»mbler by means of the thumb and finger, touching it only on 
the edge, and while you hold the glass in one hand suspended, 
the coatings maybe brought in contact and handled when they 
indicate no si^ns of electricity; return the coatings in then 
place, and the jar may then be discharged in the ordinary wayi 

CCCXIX. What is said of the electric shnck, and the number that can receive it 
at tl.e sanie time, and how is it accomplished 7 Through what space Jics 't been 

KBsed, and what is said of iti CCCXX. Where does the electricity reside' in Um 
yden jar. How proved 1 
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iBsxm pnmng tkat the chaige resides m the glass, and not in the coatuu& 
The inincipal use of the coatings is to act as conductors in iqneadinguM 
electricity over the surface. 

LIGHTNING AND ITS PHENOMENA 

CCCXXI. It was before stated that lightning was the 
most fruitful source of electricity, and though it had long 
been suspected that electric sparks produced by the com- 
mcqi electrical machine, were the same as the flashes of 
lightning so often witnessed in the thunder-storm ; yet, 
until the celebrated experiment of Dr. Franklin, in 1752, 
no one had been able to prove it. 

Observation. Dr. Franklin, a few years previous, in correspondence with 
Mr. Gollinson of London, proposed to erect a spire of metal forty or fifty feet 
in heiffht, and let it come within about two feet of the ground, being sup- 
ported by some imperfect conductor^ and to watch this spire during a thun- 
der-storm, supposmg that if the lightning were identical with common 
electricity, it would be conducted down the spir^ and pass in sparks .to the 
ground ; but in June, 1752^ while waiting for ^e erection of a ^ire in the 
dty of Philadelphia, the sight of a boy a kite, which had been raised for 
amusement, immediately suggested to him a more expeditious method qf 
obtaining his object. 

Having constructed a kite, by stretching a silk handkerchief over two 
sticks in the form of a cross, on the approach of the first thunder-storm, he 
went into 'the field accompanied by his son, to whom alone, for fear of ridi- 
cule, he had imparted his design. Having raised his kite, and attached a 
common door-key to the lower end of the hempen string, he insulated it by 
lengthening it out with a short piece of silken cord, which was a non-a>n- 
ductor, and this was tied to a post. Under these circumstances, he waited 
with intense anxiety for the result. Some time had now elapsed, and no 
signs of electricity appearing, though one or two clouds had passed in the 
vicinity of the kite ; he was just beginning to despair of success, when hid" 
attention was caught by the bristling up of the loose fibres of the string ; he 
applied his knuclue to the key, and was rewarded for his labour and inge- 
^ nmty bv the first electric spark that had ever been drawn from the clouds to 
|irove the identity of lightning and electricity. Overcome with the emotion 
mspired by this decisive evidence of the great discovery he had achieved, we 
are told that " he heaved a deep sigh, and would have been content if that 
moment had been his last," for he was confident that his name would be 
immortalized by the discovery. The rain now fell in torrents, and wetting 
^e string, rendered it a good conductor, so that electric sparks were drawn 
in abunoance, with which the Leyden jar was charged, and all the most 
common electrical experiments performed. It shoulcT be noticed, howeven 
that about a month previous to the experiments of Franklin, Dalibard and 
Delors, two French philosophers, had obtained similar results by the erec- 
tion of spires, agreeably with Franklin's recommendations ; but the honour 



CCCXXI. What is said of lightning and electricity 1 What did Franklin propose J 
What led him to make the experiment with a kite 1 How vras the experiment with 
Ihe kite made, and what were the circamatances t What is said of Dalibanl aoa 
Delors 1 
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of the diacovery ia umverstlly area to Franklin, as it waa from Ua w^ 
geations and reoonunendations tEat they^w^re enabled to accomplbh thai 
purpose. 

CCCXXII. Lightning is the result of the accumulation 
of large quantities of electricity in the atmosphere ; some- 
limes one cloud is iu the positive state, while another ap- 
proaching it is in the negative state, and when they have 
approached sufficiently near, the spark will pass from the 
positive to the negative cloud, producing the flash of 
lightning. In the space occupied by the flash, the air is 
suddenly and forcibly separated, and when it comes to- 
gether again, produces a report which we call thunder. 

CCCXXIII. Sometimes the cloud in a positive state, 
instead of approaching a negative cloud, approaches the 
earth, which happens to be negative, and then the flash 
passes from the cloud to the earth : in this case, some 
object is always struck, which is generally the highest 
object and best conductor ; hence high buildings, such aa 
steeples of churches, tall trees, masts of vessels, &c., are 
generally the objects injured or destroyed by lightning. 

CCCXXIV. Notwithstanding the facility and danger 
of making these experiments, yet only a smgle case of 
death is recorded in repeating them, and that was the late 
Professor Richman, of St. Petersburgh, who approached 
too near the lower part of an insulated spire during a 
thunder-storm. 

ObtervaUon. He waa examining the electrometer, which waa standing 
near the lower extremity of the rod, when stoopmg a little to look mors 
cloaely at the phenomena, a large globe of electric fire flashed from the con- 
ducting rod to his head and pa^ed through his body, destroying him in- 
stantly. A red spot was produced u|X)n his forehead,, his shoe was burst 
open, and a part of his vest singed ; his companion was for some time ren- 
dered senseless ; the door of the room was split and torn off its hingea. 

CCCXXV. The most important, and therefore most 
interesting application of the theory of electricity, is in 
the use of lightning-rods to protect buildings, ships, &c. 
The lightning-rod is generally a thick rod of metal, ar 



CCCXXn. Whatlalljhtninifl What Isthunderl CCCXXlfl. Wh:.i r;:iM«»> 'he 
iof to strike 1 COCJ 
areUfhlninff-rodst 



j^tninf to strike 1 CCCXXiV. What is said of Profcjuwr R?chirinTi V Ci:(XXV~ 
What an 



m^ed petp^icularly beside the building, which it it 
intended lo prelect ; it should be pointed at each eidrenii- 
ly, because poims receive and impart the electric fluid 
euenily. The upper end should prefect above the highest 
part of the building, the other should penetrate deep in tha 
earth, ot in contact with water. Iron ia generally used 
because it is cheaper, but copper is better, because it doe« 
pot so easily rust. The part thai projects above the build- 
ing, generaUy terminates in a number of points, thus : — 




ftnd these are generally of silver, gold or platinum, because 
&iase metals do not rust. The rod should be half an inch 
in diameter. 

^ CCCXXVI. People are often led to inquire what are 
the beat means of safety during a thunder-storm 1 If out 
of doors we should avoid trees and elevated objects of 
pvery kii^; and if the flash is instantly followed By the 
report, which indicates that the cloud is very near, a re- 
cumbent posture is considered the safest. We should 
avoid rivers, ponds, and ail streams of water, because 
water is a good conductor, and a person on the water, as 
in a boat, would be the mo.st prominent object, and there- 
fore most likely to be attracted by the lightning. 

CCCXXVII. If we are within doors, the middle of a 
large carpeted room is tolerably safe ; we should avoid 
the chimney, for the iron of and about the grate, the soot 

Ban *ia 1)1^ i>oBKUaa*ai Whit nwMl ti n mtnl tf nwill Wiu ta On be^ 
■adwbTl WhU KiuMd Kvlba petoHl OOCOOVL Wbare h Ihe nAn Mm 
^dla exit of doon In HbvaiM-ieml OOOXZVn. Wtan !■ iba ■■*« Hm« 
tathetMwat WtiUplK»«hgiUbeanl>)ed1 
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that often lines it, the heated and rarefied nr tlurt ft tsov 
tains, are all tolerable* conductors, and should on that ac 
count be ayoided, lest they should be attracted by ths 
lightning. 

CCCXXVIII. It is neyer safe to sit near an open 
window, because a draught of moist air is a good con^ 
ductor, and should therefore be aroided ; hence we should 
close Uie windows on such occasions, as weH for avoiding 
th# Uffhtning as the rain. In bed, we are comparatively 
safe, for the feathers and blankets are bad conductors, and 
we are, to a certain extent, insvlated in such situations. 
All these precautions are generally considered unnecessa^ 
ry in buildings well defended by lightning-rods. 

CCCXXIX. There is a variety of amusing experi- 
ments for illustrating the eflecis of lightning upon build- 
ings, by causing electricity to pass through the model of 
a house, a powder magazine, &c., exhibiting in miniature, 
the eflfect of lightning upon buildings. 

CCCXXX. There was, at one time^ much discussion 
amongst electricians respecting the relative advantage of 
balls and points in constructing lightning-rods ; but agrees* 
bly to Dr. Franklin's original recommendation, points are 
now universally adopted, because they conduct away the 
electricity silently- To prove the correctness of^this 
opinion, £)r. Franklin proposed the following experi« 
ment:— 

Expmiminlt j^ttach one or more larfle flodLs of cotton to the primo oeo* 
daccor, 00 as to resemble electrified clouds; when.ai>oint is made to ip- 
piioach them they coUapae,- recede, and ouickly loao lYuie elaetrieitir) whaw 
on the other hand, they are approached by a ball, they aUB attra^ea towania 
i^ and the electric charge is very slowly dissipated. 

CCCXXXI. The aurora borealis and aurora austraUsf 
or the northern and southern lights, are supposed to be 
caused by; currents of electricity passing through the 
higher regions of the atmosphere to or from the earth, in 

CCCXXVm. What is said of sitting near a windowl CCCXXTX. What expert 
nents referred to with houses, powder mafazines, A«. OOCXXX. Why are pofatfl 
preferable to balls i n con structing lightning'rods 1 What ezperime*it was DroDMsi 

byFrankltel COGXXXL WhiA to aiM ef tlM aw»m bomJia awl tfekaiinm^ 
inuiit 
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which case it must pass through such strata as ate highly 
r&refied. 

Observation, This opinion is Btrensthenad by the fact that the electric 
flbid will pass through an elhausted glass Vessel, exhibiting much the same 
appearance as the light of the north. Shooting or failing stars are also c(m* 
Buiered to be electrical phenomena. . 



GALVANIC fiLECTRICITV — GALVANISM^ 

CCCXXXII. The term galvanism is used to denote 
the electricity produced by the corroding action of Va3:ioas 
materials on plates of different metals, such as that of oil 
of vitriol upon iron or zinc. 

CCCXXXIII. The common experiment of putting a 
piece of zinc on the surface of the tongue, and a piece of 
silver under it, and letting the edges come in contact over 
the tip of the tongue, was described by Sulzer, a German, 
in 1 767, and was the first notice of any fact that comes 
under the denomination of galvanism. In this experiment, 
the moment the metals come in contact, a peculiar taste 
is perceived, and if the eyes be closed, a flash of light at 
the same instant. 

CCCXXXIV. No other fact of this kind was made 
known until the novel and wonderful experiments of Gal- 
vani, the professor of anatomy in the university of Bo- 
logna, in Italy, from whose name the term galvanism is 
derived. 

Observation. The discovery was entirely accidental, as the following or- 
enmstances show. It happened in the latter part of 1189, that Madame 
Gkdvani, then an invalid, was advised by her pnysician to take, as a nutii- 
dons article of diet, soup made of the desh of frogs. Some of these animals, 
recently skinned for that purpose, were lying upon a table in the professoPt 
leetufe-room, near which a pupil was amusmg nimself by experiments with 
Ihe electrical machine. While the machine was in operation, he happened 
to touch the leg of one of these animals with the blade of a knife which he 
held in his hand ; the whole limb was convulsed at every spark taken from 
the machine. Galvani, it appears, was not present when this happened, but 
received a faithful account of it from his lady, who had witnessed with much 

CCCXXXn. Explain the term galvanism. CCCXXXHI. Describe the ezperiuent 
irtth silver and zinc. CCCXXXIV. What led to the diseoveries in the seiwee of 
plvanisml Give the history of the diaeoveiy: 



iBMVM, die whole oeemiaiKM; GalTemlostiiotiiiieiaxepeQtiivtfaeflqvifr 
iKOti^ aad in examining minutely into all the circiunstanoeB oonneeted wilk 



CCCXXXV. The nerves and muscles of animiilK an 
most easily affected by the galvanic influence. 

JEjfpefiment 1. Place a liring ttog at a flotmder upon a plate of zinc^ audi 
piece of copper upon the uppet surface of the animal, and connect the tiitf 
Dy a piece of copper wire ; every time the connexion is made the animtl ii 
eonvulsed by the shock. 

Z Let a person so into a dark room, put a piece of alver upon hie toogiMi 
and pieae a pieoe en fin-fofl agamet the elobe of the ejrei by making a com* 
■RUucation betweeil the two by a smau piece of copper wm^ at every oob* 
last a flaeh of light will be porceiTed in the eta 

Sl Cat out a large diak of ainC| and a amaller one of ooppei^ thaa 

f^. 174 




Moisten ihe aur^ioea of the metak, having polished at aoomed them «o if 
foproduce a clean metal aur&ce^ and place the amaller one upon the hrgWi 
ada upon the former put a common leech, the gahranic shock produced 
whenever the animal attempts to escape over the zmc, will be so gMt as tv 
baffle all his efibrta 

CCCXXXVI. Byrepeatinff and Varying the experi- 
ments, Galvani soon found that any two metals would 
answer for his experiments, but that it was necessaij to 
have one easily corroded, while the other was corroded 
with difficulty, and such were silver and zinc, but as silver 
was expensive, copper was at length used in its place. 

CCCXXXVIL Galvani considered the nerves and 
muscles of animals in opposite states of electricity, and 
that the metals merely served as conductors to convey 
the electricity from the one to the other. -^ 

CCCXXXVIIL His experiments were confined to Ao 

OCCXXXV. What is said of ffnlvanic Inflaence on nerres and muscles 1 Describe 
the experiment with a fyog. Describe that With the silver and tin foil. Deeertfa€ 
fhe experiment witli the leech. CCCXXXVI. What was tlit result of/vartiOi the 
•aperiment) OCGXXXVO. What was Gahaai's llMOlff CQOXXXnLW^ 
' — the eateat of his experiiaeBUt . t.i . ■ 
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action of the galvanic influence on the animal system, such 
as the production of shocks, &c. The instrument used 
was a single pair of plates, and those of smaU size, con- 
sequently the efifects produced were small, compared with 
later results. 

CCCXXXIX. The most simple galvanic instrument 
]8 formed by placing a plate of zinc near another of c(^ 

per, in a vessel of water contain- 
Fig. 178. ijrjg a little oil of vitriol, and solder- 

ing to each a piece of copper or 
other metallic wire, the opposite 
ends of which may be brought to- 
gether at the will of the experi- 
menter as seen in the wood-cut, 
in which z represents the zinc, and 
c the copper plate. 

CCCXL. These three substances, namely, the copper, 
the zinc, and the acid liquor, form what is called a sim- 
fie galvanic circle^ and the wires which lead oflF from each 
of the plates are called the ipoles of the battery — ^one being 
positive^ the other negative, 

CCCXLI. If, while the ends of the wires which form 
the poles are unconnected, their electrical state be exam- 
ined, that connected with the copper plate will be positive^ 
and that connected with the zinc^ negative. 

Observation 1. This illustration is directly the reverse of those ,^Yflo in 





of electricity, and tending to render the zinc positive^ out as soon as any 
electric fluia is excited, it is carried off by the acid in contact, to the eopper 
plate, where it would accumulate were it not for the fiict that the wire nom 
the copper plate is a good conductor, and the excess of dectridty m the 

le oireetion 
connected 
itn the copper plate is positive, while that connected widi the zinc is neeiiiive. 
2. If a single disk of zinc, having a glass handle for the purpose sf insu- 
lating it, be brought in contact with another of copper, also insulated, on 

CCCXXXIX. How 18 a simple ealvanic instrument constructed 1 OCCXL. De- 
scri be a siinple galvanic circle and the poles. CCCXLL Which Is positive and which 
Mfaiivel Bow does this illostratlMcorraspond with tbosaffoieraUygivaat •hro 
IketmeexplMMHonoftkeiihenoiiMM. DssBrlbo ths saqpsrimsntwlthtfas ias<imd 
of zbie and copper. 

15* 
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1 nsBaMtiv^ md tte cofMriii 
1 uaaMBCf'm Iha nie to Mcoai 



poMif^ md in the cofiiicr to ba DceBlhe. 

CCCXLII. A single galranic circle, anch as tbat abtrte 
described, would not be sufficiently powerfiil to produce 
any remarkable effects ; but it may be iDcieased to any 
extent, by increaeiue the number of pain of plates, and 
farming what is called a compound circle 



ifaigiVil in Pmi. cceuxu^if 



Ae ooppcr of tbe BMond (o ^ ime ol 
tecmafmajtag figure, the accnnuililad dectridty in tha li 
FJB. ITS. 




ngli the li^aid to Ibe copper of ths Brat cap, and by aMUt 

aTthenMMUieMnp to the zinc of tba aeeond ; indiil the MEie^aiuiiKT, tbe 
Miinral'tbeaacoiidlnuiniiiuall tb«decinai]r«f iunwti pur, uwcQu 
■IT that it mceiTed from the Gut, to the site of ths thhd pair ; and thai Ibg 
whcde of the electhdtjr, geDarated by a la^ battary, ia aecnmnlaled it iba 
eappct M pMitiT« end m ths battery, movuigiD tliadimctioaaf the aimw^ 
M Man in the fignie. 

CCCXLIII. The first instrument, fonned by oniting 
many simple circles, was invented by Alexander Volta, 
professor of natural philosophy at the :University at Pa- 
via, in Italy, and donominated the Couronne de Tasses. 
H« was the pupil of Galrani, and was among the first 
to repeat his experiments. 

CCCXUV. The first instrument inTented by Vdta, 
and by which he prored the identity of commtm and gal 

. OOOXIA Hair Is tha niMuniiMiil plwala titela fcmdl DaasrlbatteiDMMlM 
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vame electricity, was denoininated the pile, and in honour 
"'"' '' ■, the Voltaicpile. 

ilhia&alUm 1. This iagcnunenl i> IbiiBed bjr pW- 
cing pairs of zinc and copper disks one above iba 
alliur, ench pait being sepinled from tboae kdjiHn- 
ing by disks of ciolh, moistened wilh a Bolulion irf 
eamnian salt, aa represented in ibe wood-CuL Com- 
raendng at ihe tap, the electric fluid generated in 
(he zinc plate, is carried through the moislooed cloth 
i to the eoppec, and so on until it has aeaunu- 
lateti Bi the lower «r copper eilremity of the baltery, 
which is thsefnre pofilive, wtiiie the oppojhte end la 
uegaJive. The ViJtaic pile is now aeldotn usad except 
<ar exhibilinE its constnictiun, becaiue we have mot« 
convenient and more pou'erfiil batteriea, but it will giva 
shocks and produce otber remnrkabte cSecta aoch aa 
tbe decompoakion of water, &c 

Rg. jm 





i. The traugk baiUry ia one cf (ho noai convenieni and moat cwenlljr 
uaed, uid connata of a trough, A B, of dry wood, with groovea cut in iha 
•idea and buttom, and into each of these groOTes is fitted hy cenMDtiDg, ■ 
cofqier nnd zinc plate, which have t>eai previously aoldered lagcther at their 
edEes; the zinc Burfacas facing towaids z, and the copper towards a. Tbit 
cens fomied by tlie plates are made water tight by ine cement, and when 
used, are filled with eome liquid thai will eorrode the plates, aueh aa od of 
vitriol and water, of commoQ eaJt and water j the pole or wire proceeding 
from c, or the copper end of iJje battery, wUl be poaitivE, while that from i 
mil be negHtiue, agreeable lo the iJluatraiiou {Prop, cccxh.) If one hand 
be placed in the first, and the other in the last cell of the battery, apowerful 
shock w3l be felt, and win be renewed a« often a* tbe commuiucalion ia 
repealed. Any number of perHone fornung ■ psit of the circuit will racdva 
the shock at the same moment. 

CCCXLV. The motl striking phenomena of the gal- 
vanic electricity are exhibited in the decomposition of 
vanous compounde, and in deflagrating or burning of the 
metals and charcoal. 

CCCXLVI. The first instance of decomposition by 

D*Bcrtb«i 
ECCXLVT 



.Qjl «iwriJncr ■LEonmiimr. 

means of the battery, was that in which water was i» 
composed by Messrs. Carlisle and NicholBon> on the dOk 
of April, 1800, in the following manner : — 

Fig. 179. 




Experiment. A glass tube was beni at an ancle, and fitted bit© a wnw* 
glass as repreaented in fig. 179 ; the tubes were filled with water and corkedi 
a small aperture having oeen made in ^e bottom part of the tube for the 
escape of water as tet aa the gases acenniilate above. The platinum wires 
P and N are thrust.d^ugh the corks nearly to the bottom of the tubes; the 
wires were then cfAnect&i with the two poles of a battery, P the positiTe, 
and N the negative. Oxygen gas was lib^tcd from the positive, and hy- 
drogen firom the negative pole, jffoving thereby that water was composed of 
these two gases. 

CCCXLVII. Various other substances were tried, and 
it was soon ascertained that nearly all compound bodies 
could be decomposed by means oi the battery ; not only 
known compounds, but many substances, before consid- 
ered as simple, were ascertained by means of this instru- 
ment to be compounds. 

Experiment 1. We may substitute for the wat^ used in the last ezperimenl 
A solution of common salt, containing a httle indigo, previously dissolved in 
oil of vitriol, to give it a deep blue colour. The common salt contains ddo- 
riru and the alkali s^da ; when in combination, the chlorine ^oduces nii 
aensible e^t, but if separated by means of the battery it will instantly 
bleach the liquid where it is liberated. This is accomplished by connecting 
the wire P (Erp. Prop, cccxlvi.) with the positive pole of the battay in 
action, and the wire N with the negati? e pole ; chlorine will be set free ai 
the positive pole as indicated by the liquia in that tube suddenly becoming 
transparent 

2. lUtking use of the same apparatus, we may still vary the experiment 
by Bubstitutmg for the coippound last us^, water which has dissolved in it 
a salt called hydriodate of potash, (containing iodiru and potask,) and in it 
dissolve a little etarch. Iodine, when in a state of cbymical comhinatioiv 

Deieribe the experira^it CCCXLVII. Wliat la eaid of other experiments 1 Whrt 
was the experiment with solution of commoii salt and indigo 1 What esBwrisMQ. 
■^- made with the hydriodate of potash 1 
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hn no effect on Btarch, but ia a free state it instantly eoleun it « deep blua 
Connecting the wires with the poles of the battery as before, the hquid in 
the tube next the positive wire wiU be quickly changed to a deep blue from 
Ike liberadoB of iodine, proving that a chymical change has been ptoduoed. ^ 

CCCXLVIII. We have seen in the above experiments 
that when water was decomposed, the oxygen appeared at 
the positive pole, and that in the two last we chlorine and 
iodine was separated at the same pole. If any neutral 
salt (a compound of an acid and an alkah) be decomposed 
the acid will go to the positive, and the alkali to the nega«> 
tive pole ; if it be a metallic salt, that is the combination 
of an acid with some metallic base, then the acid will go 
to the positive, and the metal to the negative pole. 

Experiment 1. Dissolve some {Ruber's salt (a compound of oil of vitriol 
or sulphuric add and the alkali 8<xia,) in water previously coloured with blue 
cobbage, and with this fill the abovenamed apparatus, and connect tibe wire 
P with the postive pole^ and N with the native, the tube P will soon be^ 
to redden by the liberation of the acid, while N will become green, showmg 
that the alkali is also liberated. If the wires be reversed the colours idll also 
be reversed, N ¥rill be green and P red. 

Fig. 180. 

2. Dissolve some sugar of lead (a salt containin|r 
vinegar or acetic acid and lead) in rainwater, and fiU 
the jar represented in the wood- cut with the sohitioB. 
On connecting the wire P with the positives and N 
with the negative pole, crystals of pure lead wul appear * 
around that nart of the wure N which is immersed m tho 
solution, ana the acid will, at the same time^ appetr 
around the pole P. 

* CCCXLIX. It was by exposing the alkalies, potash 
and soda, and the earths lime, clay, magnesia, &c., to the 
action of a powerful galvanic battery, that Sir Humphrey 
Davy was enabled to decompose these bodies, and prove 
them to be composed of different metals, united to oxygen. 

Bhutration, For instance^ potash is composed of the metal pota awum and 
oxygen; soda. <^ die metal sodium and oxygen; magnesia,. of magneauM 
and oxygen, etc 

CCCL. From the above experiments is deduced the 
following law ; that in the decomposition of various chymi- 




CCCXLVnL What Is the law with regard to the preee<fiog experiments and others 
refinTed to 1 DeRcribe the experiment with ghmber's salt Describe that wtth 
sugar of lead. CCCXLIX. What is said of the discovery of Davy 1 COOLi wiMK 
bodies are carried to the positive, end what to the negative pole 1 
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cal compounds, the oxygen and the acids which codUub 
it, the chlorine, iodine, &c., go to the positive pole ; while 
hydrogen, the alkalies, the earths and the qnetals, go to 
the negative pole. 

CCCLI. If a piece of gold or silver leaf be brought 
between the poles of a powerful battery when in opeia* 
tion, they are instantly consumed ; the former, giving off 
a splendid white light tinged vrith blue, and the latter, a 
brilliant green of me emerald teint, and the light is still 
more intense than that from gold ; copper burns with a 
bluish white light, throwing off red sparks ; lead gives a 
vivid purple : indeed, the most refractory metals are not 
only melted, but dissipated in vapour by means of this in- 
stniment. 

CCCLII. The light given off, when small pieces of 
charcoal are substituted for the metallic leaves, is equal 
in brilliancy to that of the sun, and the heat is greater, 
perhaps, than that from any other artificial source. 

CCCLIIL If we wish to perform experiments of de- 
composition, or to produce shocks, we require a munber 
of plates, and their size may be small ; but, if we wish to 
produce beating effects, such as burning metallic leaf, 
Igniting charcoal, &c., a few large plates answer better 
than many small ones. 

CCCLIV. The liquid used to corrode the plates, in 
experiments of decomposition, is generally a solution of 
common salt in water, or salammoniac in water. But for 
burning or deflagrating the metals, a mixture of one part 
nitric, two of sulphuric acid, and thirty parts of water, 
answers best : sometimes oil of vitriol, diluted with forty 
or fifty times its weight of water, and a weight of nitre 
equal to that of the vitriol, is substituted on account of 
cheapness. 

Observation 1. There are many well known phenomena ezpficable OB 

- 

CCOLI. Describe the effect on each of the metals mentioned. CCCLH. What is 
■lid ofthe light and heat of the cbarcoall CCCUH. Whatis requisite to decompoae 
Mid mrodttoe shocks) CCCLIV. What liquids are tobe usedl What iuiM at 
drinklnf porter 7 
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gslvEiiie principles. Porter has a more Kvely and agreeable taste from a 
pewter or sQver cup, than from a glass one ; in the former case, the moiBtuve 
of the under lip, the metallic cup and the porter, form a simple galvanic dr- 
de, which gives rise to the peculiar tasce. 

2. Silver spoons are blackened in eating boiled eggs — here a galvanic circle 
IB formed by the silver, the sulphur, and the saline or saltish matters con- 
tained in the egg ; in vrhioh case, liie sulphur combines with the silver, fimii- 
ins a blackish compound, called svJphuret qf silver. 

3. Iron railing is generally fastened into stone work by means of lead, and 
the iron always corrodes first, at the junctuve of the lead and iron witn the 
stone ; in this case, the moisture, together with the two metals^ form a gal- 
vanic circle, in which the iron is the most ozidizable metal, and is moet 
rapidly corroded. 



MAGNETIC ELECTRICITY. 



CCCLV. By the term magnetism, (from Magnes^ the 
discoverer of this property in the loadstone,) as it has 
generally been used, is understood that property which the 
loadstone has in attracting iron and steel, the magnetic 
iieedle in pointing to the poles of the earth, &c. 

CCCLVI. The power of lightning in reversing and 
destroying the poles of the magnetic needle, and render- 
ing iron and steel magnetic, has been long known ; thus 
rendering it evident that there is some connexion between 
electricity and magnetism ; but it was not until Ae dis- 
covery of Professor Oersted, of Copenhagen, in 1819, 
that this connexion could be proved by experiment. 

JOlustratian, In the winter of 1819, Professor Oersted observed, Jhatwh en 
the wire which connects the positive and neffative pole of the battery in 
action, is brought near to, and parallel with ttie magnetic needle^ il causes 
the poles of the needle to deviate from their natural position, and assame a 
new one, the direction of which depends on the relative position of the needle 
and ymre with regard to each other. Suppose the current of electric fluid to 
xaove from the south toward the north pole, this pole will therefore corre- 
spond with the negative pole of the battery 5 and suppose the wire to he placed 
parallel with, and directly over the needle, its north pole will move west- 
ward ; placing the wire on the east side, the same pole will be elevated ; place 
the wire under the needle, the pole will then move eastward ; place the vnre 
on the west side, flnd the pole will be depressed. Such was ine discovery, 
and such the experiments of Oerstead. 

What is said of the action of eggs on silver % What of iron railing 1 Sp^jJ?5!J 
Is understood by the terra inaffneCisrol CCCLVI. What effect of lightntogjs hew 
«eBtione<1,andv*atwn!CBliouodofOtnrted1 WhM^asOerated'edlscwraiirl 



CCCLVII. On exanuning the abore expenmeiit^ 
PtofessoT Faraday, of London, concluded that there wai 
a tenf]ency in the poles of the needle to reyolye around 
the wire, and that when the wire was moveable, and the 
needle fij^ed, the former woulu revolve around the latter, 
both of which he soon succeed^ed in proving by experi- 
ment, in the following manner : — 

T%$ Magnet rt^oMng aboni ffu Cmdueting Iftrs. 
Fig. 181. 



ExperimeTU 1. In the figure 181, the north pole of 
the magnet n « is represented as rev(^Ying around the 
fixed connecting wire a 6, the other part of the con- 
necting wire, namely, c d^ia eonnecteid to the maguet 
by the string a e, ana to complete the metallic con- 
nexion, the cup is nearly filled with mercury. The 
wire a is connected with the positrre, and the wire d 
with the ne^tiye pole of a powerful galvanie battery 
in a state of excitement, and the north pole n of the 
moYeable ma^et, immediately oommenoes lerolving 
around the wire a 6, passing from east through the 
' south to west If the poles of the battery be reyeraed, 
the magnet will revere in the opposite direction. 




Fig. 182. 



TVu Wire revolving ahout the JMagTUt. 

2. The wire being moToable, and the masnetftcci^ 
the former may be made to revolve aroundtho latter. . 
In the accompanying figure, n represents the fiz<«l 
magnet passing through the bottom of the cop and 
communicating with uie wire df ab repveaeata the 
other portion of the connecting wire as moreablo 
about the magnet. The cap is neaify 3Ied whh 
mereary, so mi the wire a b di]>8 into it On eon- 
necting the wke a b with the pcsitivek and the wiie<l 
with the negative pole of a battery in aetbn, tiia 
wire will revolve arouBd the magnet in the same 
manner as the ma|^et in the last expeiiroent refohed 
Iffound the wiie; Henee we infer tnat there le »nnH 
t»al telfedeaey ill the mamt and the eowieetbi|[iiiw 
to lotale afoand each other. .. . 

CCCLVIII. Ampere, a French ph^o8ophery invented 
an apparatus of this kind, in which the battery itself is 
made to revolve around the poles of a magnet. 

COCLVU. What was FSraday's concluahmt Deaeribe the experimeBt fiyr the 
(SSl!^^ m^et^ Deterlbe jhe experiment of the revolving wfare. OOOItVOL 





.. . . n 1. A cup is made of tv 

scnea, and the inner, onemch, in di 

within the other, ■ battom ia soldered between the t.. ., 

■ doBble cup, ODB within the olhef, but leaving the inner one without • 
Itotlom. The apace between the (WD cyliiidere, fomis a cup containing tho 
diluted acid ; a wiie bai] is fornieiL and Boldand to the opposite aides of the 
inner cylinder as seen in fig. 19*, wba»a npreaentB the balL From the 
(sntre ot this bail, a point projects downward, reeling upon p one of Ihs 
{lolet of a strong magnet, upon which il can freely turn. A Bscond tub« 
<ir cyUnder of zinc, one iiicb and a haUia diameter, and open it both eod%. 
M lOHiendsd by the baQ c, (figure ISl,) and turns on the pivot e. The eylin- 
dflT w zinc hangs within the copper cup, without toucbincf iL The cupa 
babv MiMftSidBd npon Sne pointa, lerolva with but little theHOB. 
tig. 16B- Exptrimait. To exhibit an nperiment with thia appcntni^ 
ws ramovathB eyhirier c^ ponrinto the cup b a Iktieml <d TiniN 
and water, and replace the line, which, on b«i(B kft Am, w!B 
iminediatdy begin to revolve araund the pole c»[-tha magnet 
ti- It wiR revolie on either p<^ but the revolution a» die nerth, 
wis be the iBTstn of that on tha aonih poI*. 

BliutratUM 2. AH the abore rerolTing moTetnenta an a^ 
pkinedi, braiqtposiDg thaiacnrrsnt irf' thealectric OiBd,* «>■* 

, Itandy paaaing both aroimd, and thtnnah the aubBtanoe of tho 

' magnet, movinp in the dheclion r<^)re»ented by Ihe alrovr* m Am 
wood-cnl ; ana that this ourrent baa a lenaeDcf to oairy all 
bodies along with it, and the remit ia a rotary mouoD. 



Ulr mAmmmo sumsiuoiiy. 

• CCCLIX. A powerful magnet may be made in ajd 

instant of a piece of soft iron, by transmitting over its sur* 
face, a current of electricity ; this property is soon lost, 
but may be recovered any number of times, by repeating 
the experiment. 

BxperimenL A piece of eoft iron is bent into the form 6( a horseshoe, and 
Donper wire previously corered with silk is wound around it, m seen in figure 
18d. a piece of soft iron called an armature^ to wiudi a weight may be 
attached, is fitted to tfae two ends of the masnet ; and on connecting the 
ends of the wImiN and P, with the poles of a small galvanic battoyin 
action, the soft ibqii inMttltiy becomes a powerfhl magnet and will support i 
gnat weight 

Fig. 186. 
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ObtervaiUm, The most powerful instrument of tliia kmd ever Invwladt 
was ooBstroeled about throe years ago^ by Pro£ Hemy. of Princeton Ga!p 
irn, m New Jersey. The magnet weighed about lOOlba., an^ aapported 
I^SOOOMk, and was supposed to be aUc to avport 4,000 Iba. ^ 

CCCLX. The latest and perhaps mo^t important dis- 
covery that has been made in this oranch of scienoey was 
achieved by Professor Faraday, namely, the productioa of 
an electric spark by means of a temporary magnet ; otheis 
have since succeeded, with a common artificialma^iety not 

CCCLIX. How may a powerfyd temporary magnet be made 1 IHoitrate the eiperi 
ment. What is the strength of the niost powerAil magnet ever conatmetedt what 
WW its weight 1 what wouli it aopnort, and by whom was It madel OOOLX. WhU 
l|tfMt jateat ud mott important qicoTeify, aad by wtaom^ aehlered 1 What* elksr 
sneeti have been jtamdiicedi and what hifbraee it divw^ 1 ^ 
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«ily in prodadng the electric spark, but in decomposing 
water, giving the shock, and producing all the most im- 
portant electrical experiments ; hence, it is inferred, that 
electrical and magnetic phenomena, are the result of one 
common cause ; or ^hat electricity and magnetism, are 
hut modifications of the same principle. 



ASTRONOMY. 

I. AsTRONOMf is the science which explains the nature, 
motions, and appearances of the heavenly bodies. 

II. The heavenly bodies are divided into planets, fixed 
stars, and comets. 

III. The planets are those heavenly bodies that move 
in circular paths around the sun as, the Earth, Jupiter, 
Saturn and Herschel. 

IV. The planets are frequently attended by smaller 
bodies, called satellites or moons, which revolve around 
them. 

Observation, Thus the earth has one moon ; Jupiter, four; Saturn, sefen, 
and HeracheL oz. These planets are frequently called primary, and their 
moons secondary planets. 

. y. Fixed stars are so denominated because they do 
not appear to change their places in the heavens, and are 
l>elieved to shine by their own light, whereas the planets 
'shbie by the light mey reflect from the sun. 

C^MrwaHon, The son is one of the ftced stws, and is so near the eartl^ 
diat his light is supposed iio come to the earth in eight minntes^ while 1k«t 



L Define Astronomy. H. Ifowtre the hearenly bodies diyidedl UL 
Iks plsaets. IV. What are s« Hiies? V. nefine fixed stais. Qhre thi 

SIR. 



Deactilue 

the obstni*' 



idea of the great duluiceaf lb 

VI. The comets are irreguUr bodies which more around 
the 8un in paths or orbits, which are very eccentric, called 
eiUp&es, aou usually accompanied with a long train of 
light. 

VII. The solar system consists of the sun in the centre, 
and all the planets with tlieir moons revolving around him 
at different distances, and in different times as represented 
in the diagram. 




VIU. There are eleven primag' planeti, Dainrfy>- 
Mercury S, Venus $, the Earth ^, Itfars t, Vesta ft. 
Juno S. Ceres n, Pallas §, Jupiter V, Situm \, sod 
Uranus or Herschel V. 

Eighteen secondary planets, or satellites, namely :— 7 

K BMm ODOWU. Vlt DCMlflW Um KlIW QMM. 



the eaxth's moon^ Jupiter'8 foiir» Saturn s setQOfy tna Her 

schel's six. 

There is also a consid^able but indeterminate numbei 
of comets. 



DEFIKITIDNS. 

IX. The orbit of any celestial body is the curve or path 
it describes in revolving round another body. 

X. Two celestial bodies are said to be in opposition^ 

wlien they are in opposite points of the heavens. 

XI. Two celestial bodies are said to be in conjunction, 
when they are in the same point of the heavens. 

lUuBtratwn,. Thus, figure 2, Mars seen by the spectator on the earth man 
opposite direction to that whcve the sun isj is said to be in oppoaitimi to the 
son, but when seen in the same dhrection as the sun, at the woi]4 conjwutUm 
it 18 then said to be in coiqunciion with the same. 

Coojanetk». 




Oppoiitieo. 

XII. A planet is said to move direct, when it appears to 
move according to the signs of th« ecliptic. 

XIII. A planet is said to move retrograde, when it ap- 
pears to move contrary to the signs of the ecliptic. ^ 

Xf V. A planet is said to be stationary, when it appears 
to remain any particular time in a certain point oi the 
heavens. 

JKiwIra^ion. Thns a planet ag ^ flg; a; in moiitec irtttt cf to / wiR q^ 



^. boB r Is i it trill ^pMir (MiiMMir, Ana k M t it «MqpK 
nd from fr to e it wil again appear itatianair- 




XV. A circle is a plane figure boooded W a cauti 
Hne, called the circumference, ejety part of which ii 
equally distant from the centre. 

XVI. The diameter of a circle » a line drawn throng 
the centre, terminated both ways by the circumference. 

XVII. The radius of a circle is a straight line drawn 
in either direction, from the centre to the circumference. 

XVIII. A semicircle is any half of a circle or circum- 
ference, cut off from the other half by the diameter. 

XIX. A quadrant is half a semicircle or circiunfereDce ; 
or it is one fourth of a whole circle. 

XX. All circles, whether great or small, are supposed 
. to be divided into 360 e^ual parts, called degrees, and are 

marked °, 

XXI. Each degree is divided into sixty minutes, 
marked ' ; and each minute is divided into sixty seconds, 
marked ". 

XXII. An arc of a circle is any portion of the circum- 
ference, less than one half, or less tnan a semicircle. 

XXIII. The cliord of a circle is a straight line joining 
together the eztremitiss of an arc. 
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XXIV. Asi€mgle it the space contained between two 
lines meeting in a point. 

XXY. A right angle is an angle formed by one line 
falling perpendicular upon another line, containing ninety 
degrees, or the quadraQt of a circle. 

XXYI. An obtuse angle is creater than a right angle , 
containing more than the quadrant of a circle or ninety 
degrees. 

XXYIL An acute angle is less than a right angle ; 
containing less than ninety degrees, or the quadrant of a 
circle. 

XXYIII. ParcUhl linesy whether straight or circular, 
are every where at the same distance from each other ; 
and, if drawn ever so far either way, will never meet. 

XXIX. A sphere is properly a globe ; but in astronomy, 
the celestial sphere means the apparendy concaye surface 
of the heavens, in which all the heavenly bodies appear to 
be placed. 

XXX. Concentric circles are circles drawn round the 
fame centre, at different distances from it. 

XXXI. Cardinal points are certain fixed points that 
never change, and to which all calculations are referred. 

XXXII. An ellipsis is an oval. This figure differs 
from a circle, in being unequal in its diameters, and in 
having two points called its foci. See fig. 4 

Pig. 4. 




XXXm. The /oct aie the twu fnintB it Ae loagegt 
axis of an ellipsis, on which as centres the figisre is de- 
scribed, as s and e, fig, 4. 

XXXIV. The eccetUricity of an eUipns is the distance 
between the centre and either foci, as « c or e c, fig. 4. 

XXXY. When the earth or any other planet is in that 
part of its orbit nearest the sun, it is said to be in its peri- 
nelion, as at a, fig. 4 ; and when in that part farthest from 
the sun, as at 6, it is said to be in its aphelion. The line 
8 d represents its mean distance^ 

XXXVI. The aocis of a planet is an imaginary line 
poMiDg tkough ite centre, teimmating at the extremitie. 
by the poles. 

XXXVII. Mercury and Venus are called inferior plan- 
ets because their orbits are within that of the Earth; while 
those of all the other planets being without that of the 
Earth, they are called superior. 

XXXVIII. The Ecliptic is the Sun's apparent annual 
path through the heavens. Thus the Sun appears to rise 
m the east, ascend to the zenith, and set in the west; and 
as the Earth makes one complete revolution around the 
Sun each year, so the Sun to a spectator on the Earth 
would appear to make a revolution around the Earth in 
the same time but in an opposite direction. 

Let us suppose a circular table top, the circimiference 
would represent the orbit of a planet, and the whole sur- 
face of tne table, the plane of its orbit. The apparent 
motion of the Sun, arising from the real motion of the 
Earth, will be further chained by the following illustra- 
tion, and diagram, where the orbit of the Earth, the Sun 
and a portion of the ecliptic are represented in their re- 
spective places, and the apparent motion of the Sun, as 
arising from the motion ol the Eaith. 

XXXV. Define penhelkin, apnelion, and mean distanea. XXXVL Deflne tta axki 
of a planet Define the pole% ac. XXXVU. Define flie termfl wipexior andinferior.^ 
tXX VUL Define ecUpdc 



ftscmivMi. M* 

MhulnHtML, Xiatc<2«iipreMUth6 orbit of the EartlL •nmad dM Sim «, 
tnd the earred&M a 6, m portion of the edmtic : whfle the Kvth k at <^ the 
anTiewed by « epeetslor on the Earth wul appear to be at ft, but -at dia 
Earth niovea on in itt atbii to <^ the 8im will appear to more mm b ioakk 
an opposite diiectioo. 

Fig. 5. 




XXXtX. The zodiac is a broad belt or portion of the 
heayens parallel with the equator and extends 8 degrees 
on each side of it. It includes the orbits of all the plan- 
ets except some of the asteroids. 

The zodiac is divided into 12 equal parts called the 
iigns of the zodiac. 

The names of the signs are somewhat fanciful, but refer 
to the business of the seasons which they represent* Their 
names are as follows : — 

Aries T, the Ram; Taurus », the Bull; Gemini IT, 
the Twins; Cancer S, the Crab; Leo ^, the Lion; 
Virgo TTK, the Virgm ; Libra i^, the balance ; Scorpio r?i, 
the Scorpion ; Sa^ttarius t , the Archer ; Capricomus yj, 
the Goat; Aquarius^, the Water Bearer; and Pisces^, 
the Fishes. The first six are northern and the latter 
six are southern signs. 

*««'* Detcribe the aodiae, aodthe oriffai of the namee of Ihi^ 



The (fiagKam hdmt ieyiesentt Ae poi it iu M of the 
twelTC ngns amusged in tho l^elre diwiaoos ca Ae dr* 
DBiiifereiice. The ciicle A, B, C, D, is die oAit el the 
Earth, and the Sun is seen in the centre. While die IQiidi 
remains at A, the Sun will appear to be in the sign ArieSf 
at the extremity of the line A C, locdung towards C. And 
when the Earth has passed from A through B, aromid to 
Cy the Sun will have passed through aH the signs from 
C through D to A ; that is, throu^ ArieSf TaaaruSf Oem^ 
inif CanceTy LeOf and Virgo. 




#- * * * 
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XL. The Sun is the largest body in the solar systeidi 
around which as a common centre, all the planets revolve 
and from which they receive both light and and caloric. 

XLI. The Sun is a little more than 95,000,000 of 
miles from the earth, and his diameter a little more than 
880,000 ; hence the amount of matter in the Sun, as com- 
pared with that of our earth, is thirteen hundred thousand 
times greater. 

Observation* The size of this great body may be better appreciated by 
oOtnparitie ii with some smaller body, with which we are more familiar. 
Tims the Hdon is forty- nine times less than the Eaith, aroimd which it re- 
volves as a centre, at the distance of 24(h000 miles, the orbit of the Moon iB 
consequently 480,000 miles m diameter, but the diameter of the Sun is ^0;- 
000, miles ; nence, if the Sun were placed where our £arth is. its surface 
would extend not only to the Moon but 200,000 miles beVona it. At the 
rate of 90 miles per day, i^ traveller would circumniivigate the Sun in a httW 
more than 78 years. 

XLtl. As before stated, the Sun appears to revolve 
around the earth daily ; this appearance arises from the 
rotation of the earth on its axis. 

XUII. The Sun revolves on his axis in 25 days, 9 
hours and 36 minutes, or nearly 25 days and 10 hours ; 
a fact ascertained from dark spots seen on its surface. 
These spots are first seen on the eastern line or edge of 
his disk, and progressively extend to the middle, and 
finally disappear at the western edge, and in 25 days and 
nearly 10 hours, reappear on the eastern edge of the 
disk. 

XLIV. Spots on the Sun, it is believed, were first no- 
ticed by Galileo in 1611, and subsequently by Scheirer, 
Harriot, Fabricus, Herscbel, and others. They are found 
to vary much in their appearance, sometimes two or more 



XL. Whtft ifll the Bm 1 XLI. Wh«t Is said of its size and distance 1 XLO. What 
lithe appearance of the Snn 1 XL1I. What is said of the retolation of the Sun o« 
ysazisi XLIV. What is said oftheqwu on the Son 1 



m 

•mall ones unite and beccmie one large one, at odien» oM 
large one divides into seyeral small cmes ; sotnetinies a sin* 
l^e spot continues for many days, and weeks at others; while 
others appear and disappear in a few hours, and as a gm* 
end rule, those that rapidly appear, disappear mad) in tlie 
same manner. TTiey hare be^ firequenuj seen since the 
18th century, and occasionally, it is said, with the naked 
eye, as in Uie summer of 1815 ; sudi spots it is estimaied 
could not be less than 50,000 miles in diameter. 

XLV. The nature of these spots is still inyolyed in ob* 
scurity — some have supposed them small satellites revolv* 
tog around the Sun, but the most plausible theory sup- 
poses these dark spots are spaces where the lominoos 
clouds do not cover the Sun's surface, and thus a daik 
space is exhibited. 

The nature of the material in the Sun which produces 
light and heat in die planets, is left equally obscure with 
that of the spots above described ; while one class of phi- 
los(^bers considers the Sun as a vast globe of fire, anoth" 
er considers it as a globe of moderate temperature and 
capable of sustaining animal life like our Earth. Such 
l^ilosophers consider the light as arising from luminous 
or phosphorescent clouds, and the dark spots occ^asionally 
visible, arise from the openings in the luminous clouds, 
through which the true surfiace of the Sun is seen. 

XLYI. The resemblance of the Sun to the other bod- 
ies of the solar system, in its supposed material eonqiosi* 
tion, its atmosphere, its diversified surface, revolving upoa 
its axis, dec, has rendered it possible if not probable that 
the Sun is peopled by animated beings ; such was the 
opinion of Dr. Wilson, and this was strengthened by thi 
observations of the late Dr. Herschel. 



XLV. What theories hate been ibnned to eaqdaln tbMS vote? ZLVL Wbit Jt 
MOd ol tht ragf ••OoM of WUkmi t 
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^^-PHr^"*?*^ Olwemtions with telescopes, have afforded, it is trae, modi 
valuable informatioD, which when applied to bulk or quantity ofmat^ 
both certain and definite; but when appUed to heat, tfie effect of K^LT'oJ 
<»ther imponderable agents, out mfbrmation is only inferential and m manv 
cases the analogy is so feeble, that httle dependan4 can be put in thlf iSd2 
of our reasoning. For example, what do we know of the efect of the ravf 
*^Lwt 1 ?/»S T^^' at ffreater or less distances from him, than that of oJr 
.tI o I ^^? **®** produced, be in exact proportion to the quantity of light 
It has been estimated that the heat on the planet Mercury, must be so mat 
that water would there be converted to steam, and could not exist in the 
bqmd state; and on the surface of Herschd it cowld exist in no other than 
the solid state^? but these opinions are founded on the effects produced bv 

^i*ijf^L°"^!^*;^^2"' r® ^"" » ^°' ®^<*P^ ^y anlaogy, we know noth- 
Mig ort&e e^ct of the Sun's rays on matter, at a greater or less distance. 



MERCURY. 

XL VII, Mercury is the planet situated nearest to the 
Sun, about which it revolves from west to east in about 
M hours, making its day about the same length as ours. 

XLVIII. Mercury completes his revolution around the 
aim in about 88 days, and is about 37,000,000 of miles 
from the Sun. The year of Mercury is, therefore, equal 
CO about one fourth oi our year. 

XLIX. Its diameter is 2984 miles — and its size, there- 
ibre, about 17 times less than that of the Earth, and twenty 
millions of times less than the Sun. 

Obaervatum. See the figure (1) representing the solar system "mib^ the 
relative positiona of the bodies composing it. 

L. Mercury from being situated so much nearer the 
Sun, receives from him seven times the light that the Earth 
does ; and if, as is conjectured by some, the Sun' be a 
mass of igneous matter. Mercury must receive from him 
the same increased proportion of heat as of light, and 
hence it has been calculated, that the heat on this planet 
is sufficient to boil water. 

ObaervaUoH, The hypothesis that the Son is a mass of fire, it must be 



XLVn. Describe the situation and revelations of Merciuy 1 XLVm. Describe Ite 
revolution about the son, its distance, and the length of its year. ZUX. Wbst Is Mi 
diameter t L. What is said of its I^^ht and heat 1 

17 
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J^eledi 10 b^ DO motoB settled es a matter of foci, Imt it a to beiMfeifetf 
tbeoiy or portion tliat kaa b^ea aflsimied by aoma 



LL Owing to the dazzling brightness of Mercury and 
the swiftness of his molions^ comparatiyely few discoyeries 
have been made respecting it^ 

LIL When viewed through a telescope of considerable 
niagnifying power, it exhibits at different ]S|eriods alt die 
phases or appearances that the Moon does to us, except 
that it never appears quite full, but always a little homed. 

OiaermKon. lie foef tbat ila esligbteiied sniface ia always towardi 
the Sod, and the oppoaite one always dark, proves that it ia opaque, and 
■hkies only by reflectiug light received from the Sott. 

LIII. The rotation of Mercury on its axis was proved 
J^Hn the position of its horns, and from spots seen on its 
iurface. 

LIV. During a few days in March and April, and in 
August and September, Mercury n»ay be seen for several 
minutes in morning or evening twilight, but in all other 
parts of the year it is too near the Son to be perceived by 
tbe naked eye. Its greatest distance from the Sun either 
way is 28<> 48'. 

LY . The revolution of Mercury abotit the Smi^ like that 
of all the planets, is performed from west to east, in an 
oi^it which is nearly circular. Its apparent motion, as 
seen from the Earth, is alternately, from west to east, and 
from east to west, nearly in straight lines ; sometimes, 
directly across the face of the Sufi, but at all other limes, 
either a little above or a little below. iL . 

Lyi« Being commonly immersed in the Sun's niys in 
the evening, and thus continuing invisible till it emerges 
frpm th^m in the meriting, it appeared to the ancients nke 
two distinct stars. A long series of observations was 
requisite, before they recognised tbe identity of the star 
which was seen to recede from the Sun in the morning 
with that which approached it in the evening. But as Ae 

LL What is said of the discoveries in Mereory 1 Lll. What ffife itn apOearaoees i 
LHL How was its rotation prr>ved 1 LIV. What is said of the times 1«^hen If ercarv 
can be seen 1 LV. What la said of Ita orbit and vgmnm. tuaHgm \ V9t ttMrd0 
JMtf^ear to the aneientsb and bow was it esqpialnedf ^^ ^••"«^'WT< 
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t)tt6 vvas never seen 4mtil the other disappeared^ both weni; 
at last found to be the same planet, which thus oscillated 
on each side of the Sun. , 

LVII. Mercury*s oscillation ftom west to east, or from 
east to west, is really accomplished in just half the time 
of its revolution, which is about 44 days ; but as the fiarth, 
in the meantime, follows the Sun in the same direction, 
the apparent elongations, will be prolonged to between $5 
and 65 days. 

LVIII. When Mercury passes directly over the sun's 
disk, it is denominated a Transit. This would happen 
in every revolution, if the orbit lay in the same plane with 
the orbit of the earth. But it does not ; it cuts thcearth's 
orbit in two opposite points, as the ecliptic does the equa^^ 
tor, but at an angle three titties less. 

LIX. These points of intersection are called the nodes 
of the orbit. Mercury's ascending node is in the 16th 
degree of Taurus, its descending node in the 16th degree 
of Scorpio. As the Earth passes these nodes in Novem* 
ber and May, the transits of Mercury must happen for 
many ages to come, in one of these months. 

Observati&n. The following is a list of all the transits of Mercoir from 
the time the first was observed by Gassendi, November 6, 1631, to tne eoA 
of the present century. 



1631 


Nov. 


6. 


17W 


1644 


Nov. 


6. 


1710 


1751 


Nov. 


2 


1723 


1661 


May 


3. 


1736 


. 1664 


Nov. 


4. 


1740 


1674 


May 


6. 


1743 


1677 


Nov. 


7. 


1763 


1690 


Nov. 


9. 


1756 


1697 


Nov. 


1 


irB9 



May 5. 

Nov. 6. 

Nov. 9. 

Nov. 10. 

Nov. 2. 

Nov. 4. 

May 5. 

Nov. 6. 

Nov. 9. 



1776 Nov. 2. 

1782 Nov. 12. 

1786 May 3. 

1789 Nov. 5. 

1799 May 7. 

1802 Nov. 8. 

1816 Nov. 11. 

1822 Nov. 4. 

1832 Mtiy 5. 



1835 
184& 
1848 
1861 
1868 
1878 
1881 
1891 



Nov. 7. 

May d. 

Nov. 9. 

Novi 11. 

Nov. 4. 

May 6. 

Nov. 7. 

May 9. 



1894 Nov. 10. 



The ndereal revolution of a planet respects its dbsolvie motion ; and m 
measured by the time the planet takes to revolve from any fixed slap to- tha 
same star again. 

Tile eynoaieal revolution of a planet tes))ect8 its rekiHve motbn, and is 
measur^ by the time that a planet occupies in coming back to the same 
position with respect to the Earth and the Sun. 

Hie sidereal revolution of Mercury is 87d., 23h., 15m., 44s. Its synodieal 



LVn. What tim e required to perform its oscillation, from one aide of the Sun to 
the other % LVm. Whatis said of tho tiansits of ttercury 1 LIX. What is said al 
the nodes of Mercury 1 Define the sidereat and synodleal ravtolutiQDs of a flsMCi 
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MMliition is toaod by dividiiig the whole drcamierenee of 360^ br ksf^to* 
MM motion in retpect to the Earth. Thue, the mean daily motion of MeRory 
m 14732".8S6 ; that oi the eafth ia 3848".318 ; and their difl&renoe is 11184'^ 
.337, being Mercury'e relative motion, or what it gaina on the Earth every 
day. Now by aimple proportion, 11 184". 237 ia to 1 day, as 360^ is to Ubl, 
SlL, 3ni., 25a., the penod of a aynodical revolution of Mercury. 

LX. The absolute motion of Mercury in its orbit is 
109,767 miles an hour ; that of the Earth is 68,288 miles ; 
the difference, 41,469 miles, is the mean relatire motion 
of this planet, widi respect to the Earth 

TBNTJS. 

LXI. Venus is the second planet from the Sun, and 
appears to us the brightest of all the starry bodies, and 

* hence easily distinguished from the others. 
LXII. If we observe this planet for several days, vfe 
thall find that it does not remain constantly at the same 
distance from the Sun, but that it appears to approach or 
recede from him, at the rate of about three fifths of a de- 
gree every day ; and that it is sometimes on the east side 
of him, and sometimes on the west, thus continually 
oscillating backward and forward between certain limits. 

LXIII. As Venus never departs quite 48^ from the 
sun, it is never seen at midnight, nor in opposition to that 
luminary ; being visible only about three nours after sun- 
set, and fs long before sunrise, according as its right 
ascension is greater or less than that of the Sun. At first, 
we behold it only a few minutes after sunset ; the next 
evening wd hardly discover any sensible change in its 
position ; but after a few days, we perceive that it has 
fallen considerably behind the Sun, and that it continues 
to depart farther and farther from him, setting later and 
later every evening, until the distance between it and the 
Sun, is equal to half the space from the horizon to the 
zenith, or about 46°. 

LXIV. It now begins to return towards the Sun, 

LX. What is said of the absolute motion of Mercury 1 LXITI. Why is it never 
seen at ojidnight, nor in opposition to the San 1 At what times is frvisible 1 How 
joof after sunset is k when we first behold ic in the westi LXIV. Deserlba its 
lofpositkNi. 
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making the same daily progress that it did in separating 
from him, and to set earlier and earlier every succeeding 
evening, until it finally sets v^ith the Sun, and is lost in 
the splendour of his Ught. 

A few days after the phenomena we have now de- 
scribed, we perceive in the morning, near the eastern ho- 
rizon, a bright star which was not visible before. This 
also is Venus, and now called the morning-star. It de- 
parts farther and farther from the Sim, rising a little earliei 
every day, until it is seen about 46° west of him, where 
it appears stationary for a few days ; then it resimies its 
course towards the Sun, appearing later and later every 
morning until it rises with the Sun, and we cease to bfr* 
hold it. In a few days, the evening-star a^ain appeazsm 
the west, very near the setting-sun, and tne same pha* 
nomena are again exhibited. Such are the visible ap 
pearances of Venus^ 

LXV. Venus revolves about the Sun from west to east 
in 224| days, at the distance of about 68,000,000 of 
miles, moving in her orbit at the rate of 80,000 miles an 
hour. She turns aroimd on her axis once in 23 hours, 21 
minutes, and 7 seconds. Thus her day is about 25 minutes 
shorter than ours, while her year is equal to 7i of our 
months, or 32 weeks. 

LXVI. The Sun appears twice as large to the inhabitants 
of Venus as he does to us, and if the heat received be pro- 
portioned to the light, it must be exceedingly hot upon her 
surface. Her orbit is within the orbit of the Earth ; for if 
it were not, she would be seen as often in opposition to 
the Sun, as in conjunction with him ; but she was never 
seen rising in the east while the Sun was setting in the west. 
Nor was she ever seen in quadrature or on the meridian, 
when the Sun was either rising or setting. Mercury 

LXY. In what direction, ukI in what time, doea Vemw rerolre about the Soot 
What la her diatance from the San % What ia the rate per hoar of her motion hi her 
orbit 1 In what time doea ahe revolve on her axia 1 How are the len|(tha of her day 
and year, compared with those of the Earth 1 LXVI. How much laner does th« 
Bun oppear at Venua than he doea at the Earth 1 How much more light andh yt 
4oea aba receive from him, than the Earthi How much fiulher ia Venua mm t^ 
§an than Mercury 1 On which aide of the orbit of Hereury must her orbit b« Y 

17* 



f96 AOTMMOXT. 



hmm about 28° from the Son, and Yeans 46^^iiie oibi 
^ Venna must be outside of the orbit of Mercury. 

LXVII. The true diameter of Venus is 7621 mflcs; 
but her apparent diameter and bri^tness are constantly 
varying, according to her distance from the Earth. When 
Venus and the Earth are on the same side of the Sun, 
tier distance from the Earth is only 26,000,000 of miles ; 
when they are on opposite sides oi the Sun, her distance 

' is 164,000,000 of miles. Were the whole of her enlight- 
ened hemispheres turned towards us, when she is nearest, 
she would exhibit a light and brilliancy twenty-five times 
greater than she generally does, and appear like a small 

^bilhimt moon ; but at that time, lier danc hemisphere is 

Earned towaids the Earth. 

ntMtraiUnu When Vemis mroaches nearest to the Earth, her anpartid 
m obaerved diameter, is 6l".3; when most remote^ it is onlyS'^jD; now 
6l'\2-4-9''.6 = 41 nearly: so that she would appear in the latter ease^if 
then visibly 41 times laiger than in the former. 

LXVIII. When Venus's right ascension is less than 

' that of the Sun, she rises before him ; when greater, she 

appears after his setting. She continues alternately 

morning and evening star, for a period of 292 days each 

time. 

LXIX. To those who are but little acquainted vnth 
astronomy, it will seem strange, at first, that Venus should 
aj^Murently continue longer on the east or west side of the 
Sun, than the whole time of her periodical revolution 
•round him. But it will be easily understood, when it is 
considered, that while Venus moves around the Sun at 
the rate of 80,000 miles an hour, the Earth, in the mean* 

^^- ■ — ■ - • * 1 — I — - 

UCVn. What la her true dfameter 1 In what proportton do her apparent dtaune- 
ter and brightness constantly vary % What is her distance from the Earth when 
Hiejr are both on the same side of the Sun 1 What is it when they are on opposite 
sides of the Sunl Which hemisphere is turned towards the Earth when she is 
nearest to us 1 Were her enlightened hemisphere turned towards us at that time^ 
how wottM her Hght and brittmncy be, eompaured with that she generally ezhiblti^ 
and what would m her appearance 1 What is the length of her apparent diafl»eter 
when she is nearest to the Earth % What is it when she is most remote t Bow 
much laner would she appear, if Tisible, tar the former case than in the latter 1 
LXVm. In what etrcumstancee does Venus rise before, and tai what set after, the 
Sqd 1 LXDC. How long doee she continue each time, alternately morning and even* 
lag start Why does she appear ioofer on the east or weat aide of the Sna, then ths 
Whole time of her periodleal rafalawn avaand htani 
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time, follows at the rate of 68,000 miles an hour, 
so that Venus actually gains on the Earth only 12,000 
miles an hour« or about |° in a day. Now it is evi- 
dent that both planets will appear to keep on the same 
side of the Sun^ until Venus has gained half her orbit, or 
1 80*^ in advance of tlie Earth ; and this, at a mean rate, 
will require 292 days. , 

iUvLBlrotum, This maF be fiirtber illustrated thus : Suppose two steam- 
boats, which we will caU the Earth and Venus^ set out from the same point, 
and sail the same way around Long Island, whose circumference is estimated 
at 300 miles; suppose also, that Venus sails 10 miles an hour, and the Earth 
8 miles. Now it is obvious that Venus wojld be SO hours m 8ailin«[ quite 
around the island, while the Earth, in the same time, would have sai^ 240 
miles; beings at the ead of the first circguil, oolv 60 miles behind Venufl. At 
the end of Venus' s second circuit, the E>arth will be 120 miles bchmd, but yeC 
on the same side of the island. But after Venus shall have performed two 
complete circuits and one half of another, she will then be 150 miles in, sd- 
vance of the Earth, or just half around tne ishind, and on the opposite Mlt» 
So it is in respect to the planets. 

LXX. Mercury and Venus are called inferior planets, 
because their orbits are within the Earth's orbit, or be- 
tween it and the Sun. The other planets are denominated 
superior, because their orbits are without or beyond the 
orbit of the Earth- As the orbits of Mercury and Venus 
lie within the Earth's orbit, it is plain, that once in every 
synodical revolution, each of these planets will be in con- 
junction or on the same side of the Sun. In the former 
case, the planet is said to be in its inferior^ and in the 
latter ease, in its superior conjunction. 

JUuatration. For the iikistratioB of this subject, see the figure iUnstratiiig 
the definitions of eox^nelion and opposition. 

LXXI. Venus passes from her inferior to her superior 
conjunction in about 292 days. At her inferior conjunc- 
tion she is 26,000,000 of miles from the Earth ; at her 
superior conjunction, 164,000,000 of miles. 

LXXII. It might be supposed that her brilliancy Would 

CHve an iHiistratkm of this point LXX. Why are Mereary and Venus caUe'l infe* 
rior plaaetsf Why are the other planets termed superior planelsl How often, ia 
«yery eynodical revolution, will each of these {^anots be ki eoiuuoctipn on the aams 
side of the Sun that the Earth is 1 How often on the oppoate side 1 LXXI. What is 
said of Venns's distance from the Ekrth at her sapenor and mferior cotunnctioik 
LXXII. How long is Venus passing from her iBfenor to ber superior coojaactioBh 
•nd what her disiajoce fcMB tjie Sarth in «ach case ? 
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be increased in the one case, and diminished in the other i 
this however, is prevented by her enlightened hemisphere 
being turned more from us as she approaches the Earth, 
and towards us as she recedes from it ; hence her splen- 
dour is preserved quite uniform. 

LXXIII. Both Venus and Mercury present at different 
times the different appcarimces of the Moon, that is some- 
times homed, arid sometimes nearly full ; this fact is an 
evidence that they revolve around the Sun, and besides, 
that they are situated between the Earth and Sun. 

ObaervcUUm, It nmBt ho renienilH;red, however, that when Venus is (juite 
IL she cannot bo seen by the nihabitaQts of the.Earth, except at the tioiea 
of ner transits, which as before stated, only happen once or twice in a oen- 



ftUL she cannot bo seen by the inhabitants of the.Earth, except at the tioiea 
of ner transits, which as before stated, only happen once or twice in a cen- 
tury, when she passes directly over the Sun's disk. At every other con- 



Jifnction, she is either behind the Sun, or so near as to be obscured by the 
dazzling effect of his light. The opposite diagram, fig. 7, will better illus- 
trate the various appearances of Venus as she moves around the Sun. Here 
the Earth may bo supposed to be below the figure ; its orbit being without 
that of Venus. 

LXXIV. From her inferior to her superior conjunction, 
Venus appears on the west side of the Sun, and hence as 
the Sun and Venus appear to move from east to west, 
Venus would be seen some two or three hours before the 
Sun, and hence, is called the morning star; but from her 
superior to her inferior conjunction she appears on the 
east side of the Sun, and consequently appears to follow 
him when she becomes the evening star. 

LXXV. The transits of Venus for ages to come, will 
happen in December or in June ; the fiist ever observed 
took place, December 4, 1639 ; the next from the preseni 
time, will occur in 1874, and there will be another in 
1882. 

Observation. The transits of Venus and of Mercury are among the most 
hnportant astronomical phenomena, and are consequently viewed by as- 
tronomers with the most intense interest, for by them are ascertained the 
ralathre sizes and distances of the planets from each other, and fit>m the 
Sun. 

LXXVI. Venus when viewed through a good tele- 



LXXm. Wliat is said of the appearances of Venus and Mercury 1 Give the tt\y 
aervation. LXXIV. How does Venas become the uiomina and evening star 7 LXXV 
What is the history of transits 1 What their value 1 LXXVI. Define the telescooie 
qppearances of Venus* 



■ctHM, exhibits besides the appeaiances of the Hota,! 

Tsnety of inequalities on her surface ; as dark and Wit | 
liant spots, huls and valleys, and elevated moimtum. ' 
But on account of hei dense atmosphere, they are seldoin 
distinctly seen. Fig. 6 illustrates the vaiied appearancei 
■ of Venus. 




LXXVII. The Earth is of a elflbnlar fivm, of nearly 
such, which may be inferred nom wions eonsiden- 
tions. 

OfrMTMNon 1. llie moM decMJM ugnotat k brcor of the zotna^ of 
the Buth, ia that wbich ii derivgd ftM* tbawd^wwnfiict ^ui tbe At± 
iMtbeeDnilad round at diflmnt tjmw brdfinnt Mintora; uid tbii^ 
oombined with the obsontioni of thoM MTigaUn, !•• auffic^nt ptocf thit 
the Buth ■ Bpherical, or neorir lo. 

2. A Tufety of etaj bui eoDMutt obMrrBlknu prona beyond the pom- 
UUtjt of d«ibt, that whit, It flnl BthL appean to be a Tut flat or pUm, i% 
_ r___. — '^mponbawit JaqMy, Me eonveiity ie fcwnJ 



tn truiH, i »,u..w« ..»«»», ^^_..v~<- -— < — " — -^^j, — '^ ,,*»-._„, _«*... 
to be eilwdcd ciuite round the Baith. Thaa, il ■ eoDatantlr oheemd br 
•II mBiiuta. that aa ther nil fiom aof elevated aQNt^ anch u inoantaB% 
roeks, Bteeptea of charcDee, dka.. the][ flnt begulo hiee Bi|ht of itw knM 
parta of tbon objects, and tWlne ngfat of thnji^ P>rta, gradnaU 
botlDtn to top, ualil they envHtf dwappear. m dto Mme maimci, wbM 
nsvijfatoni approach & country, thay first JiauaNT the moai deratad nuta 
of that country, and the lower pafta baeome liable aa the land M approachad I 
or the higheal paria of the conrlry are aesn from the topi of tin maat, and 
then gradually the lower psrta baeoms naHa, or the aame part* beamM 
viaible tmm the deck of the ahip. 



LXXVU. Row la K prircd that (he iMth It ifa ^abi*T tun 1 
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Abo^ what a Am reoedef from tbe land, a peraott o& shore will fiiit Iom 
tti^t of tbe hull, toen of the masts and lower parts of tbe safls, aad lastijr 
«r the topeaila^ gradually from bottom to top ; and when a ship approaches 
tbe land, a mectator on shore first ^facovers tbe upper parts of the masts 
and sails» ana then by degrees the lower parts and tbe hull, in ptoportioii as 
the Tessel comes neaser to tbe shore. 

Fig. 9. 




It will be pluB by fig. ti that were Hba sbm « elevated, so that tbe bull 
abould be on a horizontal Ime with the eye, the whole ship wpuld be mble 
instead of th^ topitiast, there being no reason, except the conyetity of tbe 
Earth, why the whole ship should not be visible at o^ as well as at &. 

In all ibese cases, the obstruction to the sisbt arises fxamsL tbe interposed 
water, on account of tiiie universal convexity of tbe surface. 

3. It has been well ascertained tbat eclipses oi the Moon are occasioned 
by the Earth's shadow upon the Moon ; but in all ecl^ses, notwithstanding 
the various positions of the Earth, this shadow is always circular; wlu(^ is 
another proof that the Earth is a g^ob^ 

4. Another dectsrve si^giMBeBt is denved from observing; the altitude of the 
north polar star, after travelling north aad south a fsensiderable number of 
miles; and generally, in travelhng any great distance towards the nordi. the 
northern stars appear more elevated as we approach them, and the soutnem 
stars more depressed as we recede from them towards the north. When 
travelling towadxis the. south, the southern stara become elevated, aad tbe 
northern depressed. Were the Earth an ezteaded plane, such changes ki 
the positions of the fixed stars could never take place. 

Many other reasons, sugoested by pbibisopbers, might here be enumerated 
to prove the rotunditv of the Earth, bad we sufficient room and inclination 
to take up the reader's time with the relation of them ; for a very httle 
attention, and a very little observation in traveUing either by sea or land, 
must soon convince any reflecting person tbat tbe fiartb is of a globular 
form. Indeed, there is not even one solitary appearanoa either in the whole 
celestial sphere or througboot tlie suifiice of the Earth, that seems in the 
■lightest degree to fJEivour tbe idea of the Earth's bong an extended plane, or 
of any other 'figure than that of a globe. 

6. The figi^ of the Earth is not, bowever, perfectly spberical—both 
theory and experience have shown that it is very ntarly an oblate spheroid, 
somewhat raised or elevated about the equatorial part& and flattened or ^ 
praaae(d a^xwt.^e poles, ai^i tbe dififere^ee between tbe equatorial and 
diameters, according to the latest and most accurate measurements, is 
26 miles, its mean diameter being about 7,920 miles, and its 
24,880 miles. 



mnstrate tbis by flg. 9. Mfhat ire (he red llgiire, diameter, sad efcw umfcw ies • 

Earth? 



• IaSXTIII. a spheie, on the lurface of which Ail 
nrious renong of the Earth are geographically depicU^l' 
01 on whicn the fixed stare and conetellations are reim-l 
•ented, accordinf; to their apparent places in the coDcaTel 
lurface of the heavens, is usually called an ^rli^cull 
Globe. 

ObiATofiMi. Aniflcial elobei anof Iwokinda, Timttrial &nd CUntuI; I 
•nd ire commonlr made R)r thepiKpoee of aiding the undergtanding, intlii I 
Mir *o'ution of WTeril aMronoEnicol problema, and of inalnicting glndaili I 
In Aalronomf and Oeography. The; cene to give a lir^; repreBCOUlko I 
of their i>riacipal object! i but tba bsea and figure* on bolh ^obe^ atao*- I 
eMaarilr jmaginary. ' 

DGFINITIOMB KELATIKO TO TBB TERRESTRIAL GLOBX. 

LXXIX. The Axu of the Earth is en imaginary Um 
paising throuf^ the centre north and south, about which 
the diurnal rerolutioo is represented by the Une between A 
ind B, fig. la 




LXXX. The Poles of the Earth are the eztremitiei 
of the axis, A B. 

UXVm Whu Ii BD ArUflalal ^ obal Inio how muw Irindu ar« utHglal M m 
jMiifDlihw]] WhuKtbdrnHl LXZIX. Whuliiha AHaofDtabMhl IXDL 
VhUtfafliaPotut 
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LXXXI. The Equator is the circumference of an 
imaginary circle, passing round the Earth from east to 
west, perpendicular to the axis, and at equal distances 
from the poles ; as the line C D. 

LXXXIL The small circle E F, is cftlled the Arctic 
circle ; the circle G H, is called the Antarctic circle, 

LXXXIII. The circle north of the equator I K, is called 
the Tropic of Cancer, that south of the equator L M, the 
Tropic of Capricorn, ^ 

LXXXIV. The spaces between the ends north and 
south of the equator, are called Zones : — that space be- 
tween the tropics is called the Torrid Zone ; tnose be- 
tween the tropics and the polar circles, are called the 
Temperate Zones ; and those to the north of the arctic 
and south of the antarctic circles, are called the Frigid 
Zones, 

LXXXY. Latitude is distance north or south of the 
equator; Longitude is distance east or west measured 
upon the equator, from any assumed point. 

Astronomical circles, whether great or small, are mathe- 
matically divided into 360 equal parts called degrees :— 
of course, the length of a degree depends upon tne mag- 
nitude of the circle ; a degree on the surface of the EarUi 
is about 609 miles. 

DEFINITIONS RELATIVE TO THE CELESTIAL GLOBE. 

LXXXVI. Since the stars, &c., are represented on a 
convex surface, whereas their natural appearance is in a 
concave one, therefore, in using the celestial globe, the 
student is supposed to be situated in the centre of it, and 
viewing the stars in the concave surface. 



LXXXI. What ia the Equator t LXXXU. What are the Arctic and Antaretie dp* 
deal LXXXm. What are the Tropical LXXXIV. What are the Zones, and how 
are they distingoiahed with regard to difTerent portiona of the Earth'a suriacet 
LXXX v.- What ia Latitude ; and what ia Longitude 1 How ia the oircomference of 
every circle aappoaed to be divided? LXXXVI. What ia observed eonceniof tbm 
•seof a celestial globe 1 

18 




LXXXVII. The line E B, % 1 1, is the Tropic of Can-^ 
cer. The line I D, is the Tropic of Capricorn ; tne Sun 
never goes north of Cancer nor south of Capricorn. 

LXXXVIII. The line C F, is the Equator or Equi- 
noctial Line. 

LXXXIX. The line B I, is the Ecliptic, and indicates 
the path that the Sun appears annually to pursue in the 
heavens. It is divided into 12 equal parts, called Signs 
of the Ecliptic. 

' XC. The points at which the ecliptic intersects the 
equinoctial at 6 H> are called the Equinoctial Points or 
tlquinoxes. 

XCL Those two points of the ecliptic farthest from the 
equinoctial are called Solstices or Solstitial Points. 

XCII. That space in the heavens about 16 degrees iu 
width, through the middle of which passes the ecliptic, 
IB called the Zodiac. 

XCill. The Latitude of a heavenly body is its distance 
from the ecliptic ; Longitude is distance from the first 
degree of Aries. 

XiXXXVR. Wktft \b the Tropic of Cancer, and what the Tropic of Ckprlcomt 
I^XXVm. WhM is the Equinoctial or Celestial Equator 1 LXXXDC What is the 
JBclintic, ahd ho# fs H divided 1 XC. Wliat are the Equinoctial Points Y XCI. What 

MI9 &e BdlMilaTMtitB ? XCHI. What is the latitude of a celestial body 1 What i« 

Cbe Longitude of* ce/estial body 7 
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XCIV. The Sensible Horizon is an imaginary circle, 
which appears to touch the surface of the Earth, and 
separate the visible part of the heavens from the invisible. 
The Rational Horizon is a circle parallel to the former, 
the plane of which passes through the centre of the Earth, 
and divides the heavens into two equal hemispheres. 

XCV. The Poles of the Horizon are two points, the 
one of which, over the head of the spectator, is called the 
Zenith ; the other, which is under his feet, is called the 
Nadir. 

XCVI. A circle which passes from north to south 
through the zenith of any place, is called the Meridian^ 
and is said to be the meridian of that place. The meridian 
of any place passing through the poles, and falling per- 
pendicularly upon the horizon, intersects it in two oppo- 
site cardind points, called North and South. 

XCVII. The Altitude of any heavenly body above the 
horizon is the part of a vertical circle intercepted between 
the body and the horizon, or the angle at the centre of the 
Earth measured by that arc. 

XCVIII. The Azimuth of a heavenly body, is the arc 
of the horizon intercepted between the meridian and a 
vertical circle passing through that body ; it is eastern or 
western as the body is east or west of the meridian. 

XCIX. The Amplitude of a heavenly body at its rising 
or setting, is the arc of the horizon intercepted between 
the point where the body rises, and the east or west. 

C. The Declination of any heavenly body, is its dis- 
tance from the equinoctial, and is either northern or 
southern. 

CI. The Right Ascension of any heavenly body, is its 
distance from the first of Aries reckoned upon the equi- 
noctial. 

»>■■■■' I ' — ■ 

XCIX. What is meant hj the Sensible Horizon, and what by the Bational orTvae 
Hori zon 1 XCV. What are the Pbles of the Horizon, and what are they ealledl 
Z€VL What it meant by Meridian 1 XCVn. What is meant bj the Altjtad& Azi. 
mntb, and Amplitude of a celestial body 1 C. What Is meant by Peolinationf GL 
What is meant by Right Ascension t , 



CII. A planet's place, considered as seen from tho 
Sun, is called its Heliocentric place, and as seen from the 
Earth, its Geocentric place. 

cm. Two planets are said to be in Conjunction with 
each other 'W hen they have the same longitude, or are in 
the same degree of the ecliptic on the same side of the 
heavens, though their latitude may be different. They 
are said to 1)e in Opposition when their longitudes differ 
half a circle, or they are in opposite sides of the heavens* 
See fig. 2, and Prop. xi. 

CIV. The celestial sphere is called lit^A^, Oblique, or 
Parallel, as the equator is at right angles, oblique or 
parallcd to the horizon. 

CV. As the Earth revolves round its axis daily from 
west to east, the heavenly bodies appear to a spectator on 
the Earth to revolve in tte same time from east to west, 
and the alternate succession of day and night is the effect 
of the revolution of the Earth towards and from the Sun. 

OhBenaHion 1. For all the heavenly bodies appearing to move from east 
to west, while the Earth revolves from west to east, the Sun will appear in 
each revolution, to rise above the horizon in the east, and after describing a 
|x>rtion of a cird^ to set in the west, and will continue below the horizon, 
tfll, by the revolution of the Earth, it again appears in the east ; and thus 
day and night are alternately produced. 

2. Further, as any meridian will, by the diurnal motion of the Earth, re- 
volve from the Sun to the Sun again in 24 hours, and as only one half of 
the Earth can be enlightened at a time, it is evident that any particular place 
will sometimes be turned towiurd the Sun, and sometimes nom it, and being 
constantly Bubject to these various positions, will be subject to a regular sac- 
cession of light and darkness ; as Ions as the place continues in the enlight- 
ened henuaphere^ it will be day ; and when, ov the diurnal rotation oi the 
Earth, the place is carried into the dark hemisphere, it will be night. 

C VI. As the Earth revolves round the Sun in 365 days, 
6 hours, 9 minutes, 11^ seconds, the Sun appears to re- 
volve round the Earth in the same time, but in the con- 
trary direction. 

Observation 1. It is manifest that the circle in which the Sun appears to 
move, is the same as that in which the Earth would appear to move, ta a 

CTL Wha t is to be understood by Heliocentric place, and what by €teocenti:ie 
place 1 cm. When are two cele^tiu bodies said to be in Conjunction, and when is - 
Opposition 1 CIV. What is siginified by Rif ht, Oblique or PanUlel spheres 1 CV. liiL 
jmiat manner is the alternate succession of day and night produced 1 CVI. In wliat 
NBgtb of time does the Earth perform a revolution round the Sun ? 
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spectator in the Sun. Hence, the apparent place of the Sun hemg found, 
the true place of the Earth in its orbit is known to be 180° distant 

2. The orbit in which the Earth revolves round the Sun is not a circle 
but an ellipse, having the Sun in one of its foci. For, the computations of 
the Sun's place, upon this supposition, allowing for the disturbing forces of 
the planets are found to agree with observations. 

CVII. The annual revolution of the Earth, in common 
with the rest of the planets, round the Sun, is in popular 
language, from tvest, by south to east ; or to speak more 
philosophically, it is according to the Order of the Signs ; 
and the same thing may be affirmed with respect to the 
diurnal rotation. 

CVIII. The axis of the ^ Earth, in every part of the 
Earth's revolution about the Sun, makes with the plane of 
its orb, that is, of the ecliptic, an angle of about 66® 32' ; 
consequently the planes of the equator and ecliptic, make 
with each other an angle of 231°. 

lUustration. Suppose A, B, C, D, fig. 12, four different positions of an ar- 
tificial globe, with a wire running through each as an axis, and the elhptical 
line to represent the surfoce of a table which also represents the plane of the 
ecliptic, while S represents a lamp in the centre of the table, or the Sun in 
the centre of the system. 

Fig. 12. 




CVn. m what direction is the annual and diurnal motion of the Earth iCVm 
What is th^ quantity of the ancle formed by the inclination of the ecliptic to tn« eqol- 
■ " ' liquity of the ecliptic by the diagram. 



noctial'? Describe the obliqui 
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Now let die wine of the i^obee be lo indined to iStiB mftoe ot idt tdil% 
M to form ftn tngle with it of 66^ and 32^! hen the wires npnMnt tl» azii 
of the earth, aim the aiir&ce of the table, the plane of tM e^ptie. Hm 
axis will conflequently form an angle with a petpendicolar to the table d 
23** 30'. 

At the wiree or axes, all the leveral positJone are equally inclined to tin 
plane of the ed^tic, they are parallel each with each^ and thus pniperiy np- 
reaent Uie poaition of the Earth in different parte of tfi ort>it widi Ufard to 
the same. While at A, the Son ahines vertically at the northern tropie iti 
£urtheat point fix>m the equator, while at C, it ahinea Tertieally oo dit 
•outhem tropic ; the former corresponding with our midsummer, aod tfaekt- 
ter with oar wmter— the poaition at B, will be that of autumn, while C eor 
lenonds with epring. 

ObMervaHon L T%e obliqnitT of the ecliptic is not permanent, hot it con- 
tinually diminiehinff by the ecliptic*8 approaching nearer to a pareOiam with 
the equinoctial, at the rate of about half a second in a year, or from 60^ to 
B6^ in 100 years.— ^The inclination on January 1, 1816, waa23^ 2r 4/Br'iyatAy, 
The diminution of the obtiqmty of the ecliptic to the equinoctial, is owing to 
the action of the planets upon the Earth, especially VeDus and Jnpuir. 
Tlie whole diminution, it is said, can never exceed 1°, when it will agyii 
fincrease. 

2. According to the calculations of La Grange the obliquityof the ad^tie 
has diminished during 2000 years, and will dimmish daring WOO man} and 
Schubert has determmed its limits at 20^ 34% and 27° 48^. Ito variation at 
preaent is W in a centurv. The change of obliquity will never exceed t 
certam limit, as is diown by Physical Astronomy : which limit, aicoordingto 
Laplace, is 2o 42'. 

3. The diminution of the obliquitv of the ecliptic is a conaequence of the 
approach of the Earth's axis towards a perpendicular direction to the plane 
of the Ecliptic ; but the Earth's axis has, besides the progressive rootKNiy a 
tremulous one. by which its inclination to the i>Iane of the ecliptic vanes 
backward and forward some seconds; the period of these variations ii 
nine years. The tremulous motion is termed the Nutation of the Earth's 
axis. Both these motionsof the terrestrial axis are occanoned by the actioa 
of the Sun, Moon and planets, on the Earth. 

CIX. The axis of the heavens is perpendicular to the 

S lanes of all the circles which the celestial bodies seem to 
escribe in their apparent diurnal motions. For all the 
celestial bodies, from the rotation of the Earth on its axis, 
appear to movfe from east to west in circles perpendicular 
to the axis. 

ObBtTvatUm 1. Hence it is evident that the planes of all the cirdes of ap- 
parent daily motion are parallel to the equator and equinoctial, and that me 
celestial axis passes through the centres of those circles. 

2. When the Sun, or any other celestial body is in the equinoctial, it risei 

What is said coneeminff the pennanencjr of the obliquihr of the ecliptic? Fn» 
what cause does the diminution of the obliquity of the ecliptic arise t V^hiA Is th* 
Nutatkm of the Earth's axis, and by what is it occasioned t CIX. What is ebaer^ 
eoneeminff the perpendicularity of the {Earth's axis to the planes of all the eii^ssof 
apparent duimu motion 1 At what time does the Son rise in the east and MSt fa the 
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> "'Im Ae 6Mt ftBd aetf im th* irest For it tiien rites and sets in the points in 
: '^ wluch the ecpdnootitl intersects the horixon ; that is, because the egoinoctial 
I is mt lij^ht angles to the meridian, which passes through the north ind south 
points, m the points of east and west. 

In north latitude, those celestial bodies which have north declination, nse 
*Mtween tiie east and north ; and those which have south declination, rise 
between the east and south. 

ex. Those inhabitants who live at the equator are-in 
a right sphere ; and, consequently, their days and nights 
are always equal. 

ObMervaHoH 1. An inhabitant at either of the poles of the Earth would be 
m a parallelsphere ; he would see all the cdestial bodies apparently revolving 
ronnd him in circles parallel to the horizon, and his da^ and night would con- 
Ihiue each a half a year. 

2. But those who live on any part of the surface of the Earth, between the 
equator and eitiier pole, are in an oblique sphere^ and have all the circles of 
daily motion oblique to thdr horizon. 

CXI. When the Sun, in its apparent annual course, is 
in the points in which the ecliptic intersects the equinoc- 
tial, the day and night will be of the same length at all 
places on the surface of the Earth ; but when the Sun is 
m any other part of the ecliptic, the days will be longer, 
as the Sun's declination towards the elevated pole in- 
creases, and shorter as its declination towards the de- 
pressed pole increases. 

ObtervatUm. All those celestial bodies which are at any time on the same 
■de of the equinoctial with the spectator, continue longer above the horizon 
^an below i^ and vice versa. • 

CXII. At different places, the hour of 'the day differs 
in proportion to the difference of longitude; 15 degrees 
of longitude making the difference of one hour in time, 
15^ one minute of time, 15'^ one second of time ; and a 
celestial appearance is seen at any given place sooner than 
at places wnich are situated to the west of it, and later at 
places which are situated to the east of it. 

Obtervation, The Sun in its apparent diurnal motion, which is from east to 
west, must arrive at the meridian ofany givenplace, as New York, sooner than 
h wflt arrive at the meridian of any place which is situated to the west of New 

la whet direction do those celestial bodies rise which have norttiem declInaUon 1 

. tSL What is Midconceminff the celestial phenomena in a right sphere 7 in a paFal- 

M sphere, and in an obliqne sphere 1 CXI. When are the days and nights equal, 

ittd when unequal 1 CXlI. How does the hour of the day difliBr at dUTerent places 1 

What is the reason of that difference 1 
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Toil^ and later AiB •! te moidbn of anyiilHe to ^ «Mt«f 1IbvT4 
iSbtLt %iince it is ikmmi at any place where tna Son is In its »»—**««, ilv 
be naoB aooner at New York than at places west, and later than at plMl] 
of New Yoik. 



CXIIT. The difference of longitude at two placeiB, mqf 
be found by observing, at the same time from both j^aoA^ 
some simultaneous appearance in the heayens. 

Obgervation, If the edqise of Jupiter's innermost satellite^ OA Aa i«f 
instant of its immersion into the shadow of Jimiter, be observed by two|«> 
sons at different places, it will be seen by both at the same instant. Mf 
this instant, with refi»!ence to the day, be half an hoar, for eoounplfl^ as 
at one place than at the other, because the places difo half an hour m 
xeckomng of time, their difference of longitude must be 7^ SO* ; becaoa 
whole 3^ are eqpisl to 24 hours, and consequently every 15^ are equal H 
an hour. 

CXIY. The inhabitants of the Earth have different 
names assi^ed to them by geographers, accordim; to the 
several mendians and parallels of latitude under which they 
liye, and are called Periceci, AntoRd and Antipodes. 

CXV. Those who live on opposite sides of the Eaitlif 
but in the same parallel of latitude, have opposite hom 
of the day, but the same seasons. 



Obaervaiion, Bdng both on the same side of the e^nator and at te 

distance from it, when the Sun's declination makes it summer or winter .11 
one of the places, it will be the same at the othori but beeanae thc^ utmt 
tant from each other 180° of lonatude, when it is noon at one pUet, h U 
midnight at the other ; these are caJled PericKL 

CXVI. Those who live in opposite parallels of latitude, 
but under the* same nieridian, have opposite seasons of 
the year, but the same hour of the day. 

ObservaHon, When the Sun has its declination towards t6e north pole^ it 
will be summer to those who live in the northern parallel of latitode^ mi 
winter to those who live in the southern parallel of latitude. But having tbe 
same longitude, their hours of the day will be the same $ these are called 
AntcoeL 

CXVII. Those who live in opposite parellels of lati- 
tude and opposite semicircles of the meridian, have oppo- 
site seasons of the year, and opposite hours of the day. 

.1 ■ * ' 

CXm. In what manner may the difference of longltade at two plaees be aaea^ 
tainedl How is the manner of ascertaininf the diflbrenee of lDnfito4e atlwei'ptaBes 
explained 1 CXtV. How are tlie inhabitants of the Earth denoimiiated seemoffts 
their several situations on the surface 1 CXV. What are the Pertawl. OZVL Wm 
are Antceci ? CXVU. What are Antipodes 1 



F 
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Ob9er9HUon 1. Beeame they are in appomtQ latttndee^ tbejr wiU have op* 
ita seaaons ; and b^cauae they are in oppoate semidrclea of the iMndian| 
w91 hafe noon imen it is midnight at the other place ; theae Mieanaa 




%. Theae and many other propositiona will be more readfly and clearly 
•midflntood by means of Artificial Globea and the problems on the globes, 
die. (See Ryan's New American Grammar of Astronomy ; Treebjrs Ele- 
its of Astronomy ; and other woiks.) 



CXVIII. The axis of the Earth, in its circuit round the 
Sun, being inclined to the plane or level of its orbit, this 
induiation occasions the succession of the four seasons. 

ObtervaHon 1. It has already been shown that the alternate succession 
of day and night is produced merely by the simple uniform rotation of the 
Barth upon its axis, as must be evident upon a moment's reflection ; but the 
ififeent lengths of days and nights, in every part of the world, in the course 
of the year, and the phenomena of the difierent seasons, or those delightful 
changes which we constantly experience of heat bnd cold, summer and 
winter, sprine and autumn, are occasioned by the annual revolution of £a 
Sarth about the Sun, in the plane of the ecliptic. 

2. As the Earth's axis makes an angle of 66° 32^ with its orbit, that is, 
with the ecliptic, and always preserves its parelldism, it is ducted towards 
the same pomt, at an infinite distance in the heavens ; hence, during one 
half of the year, the north pole is continually illuminated by the Sun, and 
the south pole is all that time in darkness ; and during the other half of the 
year, the south pole is constantly in the light, and the north pole is in dark- 
ness ; and other parts in a proportional degree partake of this vicissitude, and 
create the variety of the seasons. 

3. The difference in the degrees of heat, is owing chiefly to th^ di£krent 
hi^fhts to which the Sun rises above the horizon and the different lenj^h of 
tlw days. When the Sun rises hiehest in summer, its rays fall less obliquely, 
and con8e<)uen^y more of them ful on any ^riven portion of the Earth's sur- 
faoe Hon in winter, when the rays fall ohhquely ; and when the days are 
louft and the nights short, the Earth and air are more heated in the day than 
^er are cooled m the night, and the reverse when the days are short and the 
njgntslong. 

Observation, It has already been explained, that the ecliptic is the plane 
of the Earth's orbit, and is supposed to he placed on a level with the Earth's 
horizon, and hence^ that this plane is considered the standard, by which tha 
indination of the Imes crossing the Earth, and the obliquity of the orbits of 
the other planets, are to be estunated. 

CXIX. The equinoctial line, or equator, which is the 
great circle surrounding the middle of the Earth, in a 



How aio the several circumstances relating to them illustrated T CXVUL What 
causes the variation of the seasons, and tlie dinerence in the lengths of the days and 
nights 1 How much is the axis of the Earth inclined to the plane of its orbit t What 
U' the cause of the difference in the degrees of heati CXIX. In what position is 
the equator, with respect to the echptic 1 
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ditectioii eail and west, intersects or crosses the plane d 
the ecliptic in two opposite points of the globe, :> 

JDuffra/um. Let ef, fig. 13, represent the ediptic, and a ft, the eqnfetdl^' 
tiien e d will be the azu, e it the aouthem, and g f ^ northeiB tropM 
Now it ia evident that as the circle ef^ here seen edgewiw coea.qmlBSioanil 
the Earth, and as a ^ also goes around the Earthi a h ana a J^womitaom- 
each other, not only on this side hi k^ but also en the otheir m» *t a paM' 
exactly opposite to A; : but it will be recollected that the great cirdec/il 
not a circle around the Earth, but is the annu&l path of the Earth ia ill 
rerolution around the Suoi hence this circle is made onot ever|t year* 



1 




CXX. The periods when the ecliptic crosses the 6qua> 
tor, or, as expressed more generally, when the Sun crosses 
the line, are called the equinoxes^ the places are called 
the equinoctial points. These periods occur, one on the 
21 St of March, called the vernal equinox^ and dtt 
other on the 21st of September, called the autunmai 
equinoocy at which times the days and nights are of eqd^it 
length in every part of the Earth. 

CXXL The solstices are those two places in the eclipti0~ 
farthest from the equator ; or they are the extreme limits 
of the vertical rays of the Sun, and correspond in latitude 
with the tropics, being 23° 3(K north and south of the 

- ' ^ .. — - ■ • 

CXX. At what times fn the year do the line of the ecliptic and that of the eauinot 
Ittteraect each other ) What are these points of intersection called 1 Which is tM' 
atttuuinal, and wliicb the vemal equinox ? At what time does the Sun riM and ^ 
wh— Iwisintheefainoawal (SBCI. What are IlieaolsiieM) i-owua^ 
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^Uttlor. Tha northern or sttmrner solstice occtin on the 
Hist of June when our days are the longest, and the 
southern or winter solstice occurs on the 2l8t of Decern- 
Der, when our days are the shortest, and of course the 
oights h)ngest. 

ObMrwUum, The student will now be able to ilnderf tand in what order 
the seasons suoceed each other, and the reasons why such changes are the 
'^ of the Eartn's r^olution. 

Fig. 14. 
Equal Day and Night 
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Equal Day and Night 



ShutralUm I. Fig. 14 is a diagram representing the position ot the Eardi 
in its ofbit with regard to the Sun, in the four iSeasons for illustrating their 
succession as well as that of day and night Let a represent the Earth in 
her summer solstice, about the 21st of June, when the north pole n will be 
so much inclined towards the Sun, that his rays will penetrate !^V degrees 
beyond the pole and the whole arctic circle wiU be illuminated with perpet* 
Hal (kiy, during which time, the whole antarctic circle will be in continual 
dflkness. If we proceed a little south of the arctic circle we shall find that 
there will be an increase of light, according to the distance frOm the circk^ 
mud a decrease in the length of day until we reach the equator, where ue 
days and niehts are equal. During the same time that the days are longer 
than the nights in the northern hemisphere, the nights are as much longer 
than the davs in the southern hemisphere. 

2. We will now suppose the Earth to have moved on in her anntial coursa 



When tlie Ban enters the rammer solstice, what is lakl of the length of the days 
sad nights 1 When does the Sun enter the winter solstice, and what is the propoT' 
tioB between the lengUi of the days and nights 1 At what season of the year is the 
whole arctic circle ilTuniinatedl At what season is the whole antarctic circle in the 
dsilc T Wtijle the people near the north pole eo^oy perpetual day, what is the 
Hon of tt ose near the south pole 1 



At what season wiU tlie davs be longer than the nights evefy where between the 
equator and the arctic circle 1 At what season will the nights be be loo&er ttmn the 
days in the southern hemisphere 7 When will the days and nights be equal in all 
parts of the Earth 1 At what season of the year is the whole arctic circle {nvolved in 
darkness 1 When are the daTs and nights equal all over the worn? When ^ ths 
Sun In the Temal equinox 1 What is the cause or the apparent luotioa of the Son 
from east to west. What is the apparent path of the Bun, but the real nmth of the 
Earth 1 What is said of the hottest and coldest days in the years Y *^ 
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ftom a to ft, where she arrives at the autumnal equinox, or on the tlst ol 
September at which lime the Sun's rays faH vertically on the equator ui 
reach both poles, so that tne nights and days are equal in every part of the 
globe, eadi ueing 12 hoursb 

It will be recollected by the pupil that it is only during the time of the 
eouinoxes that the Sun's rays fell perpendicularly on the equator, for at d 
otner limes they are oblique to it. The duration of the equinox is bat i 
point of time, inasmuch as the San, to use the common languajje^ does nst 
remain for a moment on the equator, but moves rapidly across it 

3. In the third position of the Earth, it has moved on in its orfoit fiom 5 to 
J^ where it arrives the 21st of December, or at the time of the teifUar «{• 
^ice^ when the northern or arctic circle is entirely obscured and t^ whole 
Antarctic circle is equally illuminated. The rays of the Sun now fiill perpen- 
dicularly on the tropic of Capricorn, causing Bummer in the soutbem, and 
winter in the northern hemisphere. 

4. The fourth position of the Earth, having moved from f around to n on 
the upper part of the diagram, is in that part of her orbit, where she aniTes 
on the 2l8t of March, and which position is called the the vernal equinox, I 
Here the Sun's rays are vertical on the equator, and both poles are enlighl* I 
ened and the days and nights are again equal in every part of the earth. 

5. Prom n the last position of the Earth just described, it returns to a, the 
original starting-place, during which movement more and more of the north- 
ern hemisphere becomes illuminated, and more of the southern becomes ob- 
scured until it reaches the point a, where the Sun's rays again &U perpen' 
dicularly upon the tropic of Cancer at which time we hav^ me longest days 
and shortest nights in the northern hemisphere. 

6. It appears from the remarks abready made that the motion of the Earth 
in its orbit, is the cause of an apparent motion of the Sun in a contrary 
direction; hence also the ecliptic as already defined, is the real path of the 
Earth, but the apparent path of the Sim. 

7. Contrary to what might have been expected we find that the hottest 
seasons at the tropics, are not the exact time when the Sun's rays afe ver- 
tical there, but nearly a month later ; and the coldest season, is also neariy 
a month after the shortest days, or the time when the Sun's rays are most 
oblique at the tropics. This effect arises from the fact, that the £arth pa 
the approach of summer, in the given place continues to accumulate hea^ 
for some time after the rays have ceased to be vertical thei^ and so in the 
winter, on the approach and after the access of the shortest oays, the Earth 
radiates more heat than it receives from the Sun, which produces an incieast 
of cold till a month after the shortest days. 

*t3XXII. It has been ascertained that the Earili moves 
on in its orbit, at the rate of 68,000 miles an hour. lu 
movement on its axis to those inhabitants about the equa- 
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Mr, 18 at the rate of about 1040 miles per hour. Our 

motion therefore in the Earth's orbit is one million six hun- 
dred and thirty-two thousand miles per day, while our 
motion from the rotation is at the rate oi twenty-Jive 
thousand miles per day. 

Observation. These motions and rates of motion am ascertained as fol- 
lows :— That of the Earth in its orbit, is obtained from knowing the diame- 
ter and circumference of the orbit, and dividing the distance by the number 
of days in the year, which will give the space passed through in its orbit each 
days ; and the circumference of the Earth, would constitate the space ttirough 
which an inhabitant near the ecpialor would pass per day, from the rotary 
motion of the Earth. 

CXXIII. The motion of the Earth in her orbit, as 
well as that from rotation, is not perceived by us, be- 
cause all terrestrial objects have the same motion ; and 
with none of these can we compare this motion. 

Slttatratum. If there were other objects stationary near the Earth which 
we could view by passing them, we should then perceive that one of the 
bodies was in motion, but we might not be able to say which it was ; this 
remark is applicable to persons sailing in a ship, or riding in a carriage^ 
where land, trees, houses, &c., seem to be moving in a direction opposite to 
that ra which we go. By carefully watching the Sun or Moon, we can 
perceive them to be m apparent motion. 

CXXIV. Summer and Winter, The cold of winter is 
caused, not as might natm*ally be supposed by the differ- 
ence of distance fiom the Sun from us in summer and in 
winter, for lie is really nearer us in winter than in sum- 
mer ; but by the greater obliquity of his rays, as they fall 
upon the Earth, in winter than in summer. 

Observation. The direction in which the Sun^s rays fall upon the Earth, 
in summer and in winter, may be learned by inspectmg ^e diagram fiffora 
15 (p. 218) where we have the Earth represented as receiving pendls of the 
Sun s rays, from two different points in the heavens. In the positidHof the 
Sun, on the right hand the rays fall nearly perpendicular upon the Earth, 
while those from the position on the left fall very obliquely, and as seen by 
inspection of the figure, are spread over nearly twice tne space, the neoet- 
sary consequence of which is that more rays will be received in any given 
area, where the rays fall perpendicularly, tnan when thejr fhll obliquely and 
of coarse more heat will be produced where these rays strike the Elartn. It 

CXXn. At what rate does the Earth move around the Sunt How Aurt do9S It 
move around its axis at the equator 1 Ho^ is the velocity of the Earth ascertaliiedf 
CXXIII. Why are we insensible of the Earth's motion 1 CXXIV. Define Hie causa 
of cold and heat of summer and winter. How are the principles ezptalnedl CHvi 
tte illoatratioii. 

19 



kwdlkannt tbat iIieSim'anT* ftUnnch man nMiqpaWwiAg Dotf 
■rn bemiipbcTe ia wmui than in thi tammer, wludi ia a ■ufflcMUt amli& 
tioDofthadiflereoceof leiDpenniise ' 




Ihe , . __, 

loDgesl, IS is the cubs lowarde ihe encT of June, bnl some ume aftf iwsid, ■> 
B mIj and iagosL 

to BCConBt for ihia, it muPI he Rmembereil, thai when the Sun i'b nearly 
»CTticiii, the Eirth accumulaifea more lieat by doy thm if eives out at nigH 
and that thia acnmnilation contintiea lu lacrFine aflcr the dtiys begjii to 
•boiten, and consefiucnlly, the grcnIeBt elcvalion of IcinperalHre ia soma 
time sftsr tho longest doy*. Ferthe same reason, the tfienfloniBtereenetaliy 
Bidicatea thi greatest desree of heap at 2 or 3 o'clock on each day, and SM 
at 1! o'clock, when the Sua'g raye are moel paweriuL 

CXXV. Twilight is occasioned by tlie atmospheie 
above the horizon reflecting rays of the Stin^ when the 
Sui^tself is below the horizon. 



Obienaiim 1. When the Sun is at aarpMntbdow Ita hoiizon, itM»- 

■■ ■■- -lire<ltly seen by a spectslor. Bui, becaase raya jrom the Sun can 

Ibe part of the atmoaphere above the beail oftlie fpectator, thi* part 



Bol be dire<ltly seen by 
paaa to Ibe part -'-■--- 
of the atiDOBphi 



of the atiDOBpliere wi[] be illuminated befbie the Sun nsea, or alteT it leta 
and will beeome visible by reflailion to the epectatort iha* a, tiaUiffili^ 
be produced. 

2. Ilia entirely owins to the refIeclH>n of ihe atmoBphere tKa'tlfie lieaveoa 
appear bright in Ihe daytinie. Foir without it. only that part would be 
mminoiu in which the Sun is placed ; and if we could live wjihoul air, uut 
abould turn our badca to tbe Sun, the whale heaveoB would apyear aa d*jk 

CXXV. Whatliihecauiaofiwttiihtl HdhIb ttwabenDuiEnDa eiataliwdt WM 
wmld bs the coaKquence it the almoHtaere wen tadUlBled I 



ism tiie ni^t In tfus caw also we Bhoold have no twilight, but a mdden 
transition m>m th4 brightest sunshine to dark night immedistelj after the 
settiaff of the Sun. 

3. The tttilight is longest in a parallel sphere, and shortest in a right 
sphere ; and in an oblique sphere, the nearer the sphere approaches to a 
parallel the longer is the twilight, because twilight lasts till tne Sun ^s 18^ 
perpenoicularly below the horizon. 

CXXVJ. The atmosphere also refracts the Sun's rays 
in such a manner, as to brin^ that luminary into sight 
every clear day, before it rises in the horizon, and to keep 
it in view for some minutes after it is really set below the 
horizon. The eflFect of this refraction in a right sphere is 
about two minutes of time, or 33' of space, being rather 
more than the diameter of the Sun or Moon. 

ObBervatMn 1. From the same cause, ail the heavenly bodies appear higher 
than the) really are, so that to bring the apparent uliitudes to the true ones, 
tne ouantity of refraction must be subtracted. The higher they rise the less 
are the rays refracted, and when the heavenly bodies are in the zenith, they 
suffer no refracdon. 

2. When the evening twilight ends, or the morning twilight begins, a ray 
of light from tfie Sun, reflected from the highest part of the atmosphere, de- 
scries after reflection, a line which is in the plane of the sensible horizon. 

CXXVII. A Natural Day is the time the Sun takes 
in passing from the meridian of any place, till it comes 
round to the same meridian again ; but the natural days 
are not equal to each other ; and the Equation of Time^ 
is the difference between the mean length of the natural 
day or 24 hours, and the length of any single day meas- 
ured by the Sun's apparent motion, or between mean time 
and apparent time. 

Observation 1. For any natural day is the time in which the Earth per- 
forms one revolution on'its axis, and such a portion of a second revolutbn 
as is equal to the Sun's increments of right ascension for that day ; but the 
Sun's daily increments of right ascension )ire unequal ; therefore the addi- 
tional portion of the second revolution will sometimes be greater and some- 
times lews, and consequently, the times in which the natural days are com- 
pleted will be unequal 

2. If the Sun were to move uniformly round the equinoctial in the same 
time in which it appears to describe the ecliptic, its apparent daily motion 
would be a measure of mean time. For the natural days in that case being 
liable to no variation, either fix>m the inclination of the Sun's apparent orbit, 
or the hregularity of its motion, must be equal. 

# 

Where Is the twilight longest and shortest 1 CXXVI. What eflTeet does tile a^ 
mospliere have on the Sun's rays 1 Why do we see the Sun or a star before It is 
retllv above the horizon st tmog ; and after it ia below the horizon at setting 1 
GXXVII. What is a Natural Ds^ What is the Equation of Time 1 What Is meant 
fey meaittlme and apparent ttam ^ 
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THE MOON. 

CXXVIII. There is no object within the scope of at* 
Ironomical observation which affords greater yariety of 
interesting inyestigation tfattH the various phases and mo- 
tions of the Moon. Frq^fjuiip. the astrononner ascertains 
the form of the Earth, ^ .ticissitudes of the tides, the 
causes of ecHpses and occultations, the distance of the 
Sun, and consequently, the magnitude of the solar system. 

CXXIX. When the Moon, after having been in conjuno 
tionwith the Sun, emerges from his rays, she first appears 
in the evening, a little after sunset, like a fine luminous 
crescent with its convex side towards the Sun. If we 
observe her the next evening, we find her about 13° farther 
east of the Sun than on the preceding evening, and her 
crescent of light sensibly augmented. Repeating the e 
observations, we perceive that she departs farther and far- 
ther from the Sun, as her enlightened surface comes more 
and more into view, until she arrives at her Jirst quarter, 
and ccrnies to the meridian at sunset. She has then 
finished half her course from the the new to the full, and 
»half her enlightened hemisphere is turned towards the 
Earth. 

After her first quarter, she appears more and more gib* 
hous, as she recedes farther apd farther from the Sun, 
until she has completed just half her revolution around the 
Earth, and is seen risins in the east when the Sim is Set- 
tkiff in the west. She then presents her enlightened orb 
fiiU to our view, and is said to be in opposition ; because 
she is then onlhe opposite side of the Earth with respect 
to the Sun. 

In the first half of her orbit she appears to pass over 
our heads through the upper hemisphere; she now de- 
scends below the eastern norizon to pass through ttiat part 
of her orbit which lies in the lower hemisphere. 

After her full, she wanes through the^'same changes of 
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OTXVm. What important porBtm does ^VWjMrre tt> tha MUMMtftSl 
' Dicribe the apptftnt aii|pof the MoiWHr n«f |miiiMi 
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appearance as before, but in an inverted order; and we 
see her in the morning like a fine thread of light, a little 
west of llie rising-sun. For the next two or three days 
she is lost to our view, rising and setting in conjunction 
with the Sun ; after whieirSbe passes over, by reason of 
her daily motion, to the ecM side of the Sun, and we be 
hold her again a new Mooii, as before. In changing sides 
with the Sun, she changes also the direction of her cres 
cent. Before her conjunction, it was turned to the east, 
it is now turned towaras the vvest. 

CXXX. These different appearances of the Moon are 
called her phases. They prove that she shines not by 
any light of her own ; if she did, being globular, we should 
always see her a round full orb like the Sun. 

I lUuatratum. The various phases of the Moon may be understood bym 
Dpecting the woodcut, fig. Id, page 221. 

In fig. 16, S is the the Sun, T tke Earth, ABC, &c., the Moon in 
Ita orbit One half of the Moon is always enlightened by the Sun. At i, 
^e Moon is between the Earth and Sun, it is then netJ/'and is inviedbla 
•• represented at a ; at B the enlightened part x z]a turned to the E^irth. 
and it appears hmmed as at 6 ; at C the half of the enlightened «de is tamA 
to. the Earth, and it appears a half moon as at c : at D the part x z\& turned 
to the Earth, and it appears as at <£ ; and at E the whole of the enlightened 
j|trt of the Moon is turned to the Earth, and we have full moon as at e. As 
^1^sse0 through the rest of the orbit, it puts on the aaine phases as before, 
vat in a contrary order. 

CXXXI. The Mopn is a satellite to the Earth, about 
which she revolves in an elliptical orbit, in 29 days, 1 2 
hours, 44 minutes, and 3 seconds ; the time which elapses 
between one new Moon and anodier. This is called her 
synodical revolution. Her revolution from any fixed star 
to the same star again, is called her periodic or sidereal 
revolution. It is accomplished in 27 days, 7 hours, 43 
minutes and 11} seconds ; but in this time^ the Earth has 
advanced nearly as* many degrees in her orbit ; conse- 
quently the Moon, at the etid of one complete revolution, 
must go as many degrees farther, before she will come 



CXXX. How is it known that the Moon does not shine by her own l^tl CXXXL 
A bout what does tlie Moon revolve, and what Is the figure of her orbit 1 What is the 
time of her revolution from one new Moon to anothiurl V^hat is this revolution de* 
nominated t What is her periodic or aidereal rf||non1 In what Hm^> \m tfafa 
•ecompliihedt "^^ ^'7^\~ 
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again into tbe <same position with r<^spect to the Sun and 
tJie Earth. 

CXXXIL The Moon is the neiurest of all the heaven- 
ly bodies, being about 30 times the diameter of the Earth, 
or 240,000 miies distant from us. }ier mean daily motion, 
in her orbit, is nearly 14 tiaaes as great as the Earth's ; 
43ince she iK)t only accompanies the Earth around the 
Sun every year, but in the meantime, performs nearly 
13 revolutions about the Earth. 

CXXXIIL The Moon, though apparently as large m 
the Sun, is the smallest of all the heavenly bodies that 
afe visible to the naked eye. Her diameter is but 2162 
miles ; consequently her surface is 13 times less than that 
of the Earth, and her bulk 49 times less. It would re- 
quire 70,000,000 of such bodies to equal the volume of 
Che Sun. The reason why she appears as large as the 
Sua, when, in iruth, she is so much less, is because she 
is 400 times nearer to us than the S^in is, 

CXXXIV. The Moon revolves once on her ams exactly 
in the lime that she performs her revolution around the 
Earth. This is evident from her always presenting the 
same side to the Earth ; for if she had no rotation updh 
her axis, every part of her surfaoe would be presented to 
a spectator on the Earth, in the dburse of her synodical 
revolution. It follows, tlten, that there is but one day and 
night in her year^ containing both together, 29 days,, 12 
hours, 44 raimiies and 3 seconds, 

CXXXV. As the Moon turns on her axis only as she 
moves around the Earth, it is plain that the mhabitants of 

To what is the difference of time in these two revolutions owiae 1 CXXXD. tibm 
"creatisthe distance of the Moon from the Earth compared witn that of the ether 
heavenly bodies 1 What is her distance ftopi us t What is her motion in her orbit, 
compared with the Earth's) How raanj times does she revolve around the EaAith, 
every yeart CXXXm. What is her magnitude, compared with that of the other 
heavenly bodies 1 What is her diameter ? How great are her surface and her bulk, 
compared with those of die Earth f How many sucli bodies woeld it i«(lQive to 
equal the volume of the Sun T Wny does she appear as large as the Sun, when in 
reality she is so much lessl CXXXIV. What is the time of her revolution on her 
axis, compared with that oi her revolution around the Earth % How is this proved t 
How many days and nights then has she in tiie course of her synodical r^rolutioii 1 
What is the length of both Halted 1 CXXXV. Describe the phenomena of the Eerfli 
U seen by the iehabitaate ttf Ike Moon 
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one half of the lunar world are totally depriTed of tbn 
sight of the Earth, unless ihey travel to the opposite 
hemisphere. This we may presume they will do, were 
it only to view so sublime a spectacle ^ for it is certain 
that the Earth appears to the Moon ten times larger than 
any other body in the univeise. 

As the Moon enlightens the Earth, by reflecting the 
light of the* Sun, so likewise the Earth illuminates tlie 
Moon, exhibiting to her the same phases that she does to 
us, only in a contrary order. And as the surface of the 
Earth is 13 times larger than that of the Moon, the Earth 
when full to the Moon, will appear 13 times larger than 
the full Moon does to us. That side of the Moon, there- 
fore, which is towards the Earth, may be said to have no 
darkness at all, the Earth constantly shining upon it with 
extraordinary splendour when the Sun is absent ; it therie^ 
/ore enjoys successively two weeks of illumination from 
the Sun, and two weeks of earth-light from the Earth. 
The other side of the Moon has alternately a fortnights 
light, and a fortnight's darkness. 

j^GXXXVI, As the Earth revolves on its axis, the 
^^jpMreral continents, seas and islands, appear to the lunar 

mhabitants hke so many spots, of different forms and 
. brightness, alternateljifiaoving over its surface, being more 

or less brilliant, as they are seen through intervening 

clouds. 

- CXXXVII. By these spots, the lunarians cannot onl) 
determine the penod of the Earth's rotation, just as we dc 
that of the Sun, but they may also find the longitude of 
their places, as we find the latitude of ours. 

As the full Moon always happens when the Moon is 
directly opposite the Sifn,**^l the full Moons in our win- 
ter, must nappen when the Moon is on the north side of 
the equinoctial, because then the Sun is on the south side 

— — II _*_^^ 

CXXXVI. As the Earth revolves on its axis, how do its continents, seas, and if^landi^ 
Mear to the lunar inhabitants? CXXXVn. For what purposes may U.ese spoU 
Ivnre to the lunarians 1 What are the periods of t!bmMoon*» presence and abs«ie« 
to the polar inhabitants ? Explain this ^ » « 
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of it ; consequently, at the north pole of the Earth, there 
will be a fortnight's moonlight and a fortnight's darkness 
by turns, for a period of six months, and the same will be 
the fact during the Sun's absence the other six months, at 
the south pole. 

CXXXVIII. The Moon's axis being inclined only about 
li** to her orbit, she can have no sensible diversity of sea- 
sons ; from which we may infer, that her atmosphere is 
mild and uniform. The quantity of light which we de- 
rive from the Moon when full, is at least 300,000 times 
less than that from the Sun. 

CXXXIX. When viewed through a good telescope, 
the Moon presents a most wonderful and interesting as* 
pect. Besides the large dark spots, which are visible to 
the naked eye, we perceive extensive valleys, shelving 
rocks, and long ridges of elevated mountains, projecting 
their shadows on the plains below. Single mountains 
occasionally rise to a great height, while circular hollows, 
more than three miles deep, seem excavated in the plains* 

CXL. Her mountain scenery bears a striking resem* 
blance to the towering sublimity and terrific ruggedneai 
of the Alpine regions or of tlie Appenines, after which 
some of her mountains have beell named, and of the 
Cordilleras of our own continent. Huge masses of rock 
rising precipitously from the plains, lift th#ir peaked sum- 
mits to an immense height in the air, while shapeless 
crags han^ over with their projecting sides, and seem on 
the eve oi being precipitated mto the tremendous chasm 
below. 

CXLI. Aroxmd the base of these frightful emuiences, 
are strewed numerous loose aiMl unconnected fragments, 
which time seems to have detached from their parent 



CXXXVin. Why cannot the Moon have any sensible dkyenStr of seasons 1 What 
then may we infer to be the character of her atmomhere 1 What is the quantity of 
iifht which she affords when AiU, compared with that of the Suni CXXXDC. De 
scribe the appearaneeof the Moon when seen through a good telescope. CXL. Whit 
mountains of the Earth does her mowitain scenery resemblt 1 COQlI. DeMrioe Om 
^jpMMnuie* Howid her moalilBs. 



mass I and when we examine the rents and rayines whici 
accon^pany the overhanging cliffs, the beholder expects 
every moment that they are to be torn from their base, 
and that the process of destructive separation which he 
had only contemplated in its effects, is about to4)e ex- 
hibited before him in all its reality. 

CXLII. The range of mountains called the Appenines, 
which traverse a portion of the Moon's disk from norths 
east to southwest, and of which some pans are visible to 
the naked eye, rise with a precipitous and craggy front 
from the level of the Mare tmhrium^ or Sea of Showers.* 
In this extensive range are several ridges whose summits 
have a perpendicular elevation of four miles and more ; 
and though they often descend to a much lower level, 
they present an inaccessible barrier on the northeast, 
while on the southwest they sink in gentle declivity to 
the plains. 

CXiilll. There is one remarkable feature in the Moon's 
surface which bears no analogy to any thing observable on 
die Earth. This is the circular cavities which appear 
m every part of her disk. Some of these immense caverns 
mt nearly four miles deep, and forty miles in diameter. 
They are most numerous in the southwestern part. As 
they reflect the Sun's* ays more copiously, they render 
this part of her surface more brilliant than any other. 
They present to us* nearly the same appearance as our 
Eartn might be supposed to present to the Moon, if aU 
our lakes and seas'.iYere dried up. 

CXLIV. The number of remarkable spots in the Moon, 
whose latitude and longitude have been accurately de- 
termined, exceeds 200. The number of seas and lakes, 

* The name of a lunar spot 



CXLn. On what part of her disk is that range of mountains, called the Appenines 
sitoatedl nescribe it QXLm. What remarkable feature in the Moon's suriaoe, 
bears no analogir to any thing observable on the Earth's sur&cel Peseribe th^r 
^earance 1 CXUV. What is the number of remarkable spots in the Ms^o^s 
■onhc^ whose latittide and fongitude have been acciugpttelf detan&iB^d 1 . 
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M they were formerly considered, whose lenffth and 
breadth are known, is between 20 and 30 ; whil^ the 
niunber of peaks and mountains, whose perpendicular 
elevation varies from a fourth of a mile to five miles in 
height, and whose bases are from one to seventy miles in 
length, is not less than one hundred and fifty* 

CXLV. Graphical views of these natural appearances^ 
accompanied with minute and familiar descriptions, con- 
stitute what is called Selenography , i&rom two Greek 
\vords,-which mean the same thing in regard to the Moon, 
as Geography does in regard to the Earth. 

CXLVI. An idea of some of these scenes may be 
formed by conceivinff a plain of about 100 miles in cir- 
cumference, encircled by a range of mountains, of various 
forms, three miles in perpendicular height, and having a 
mountain near the centre, whose top reaches a mile and a 
half above the level of the plain. From the top of this 
central mountain, the whole plain with all its scenery, 
would be distinctly visible, and the view would be bounded 
only by a lofty amphitheatre of mountains, rearing their 
summits to the sky. 

CXLVII. Tlie bright spots of the Moon are the moun- 
tainous regions ; while the dark spots are the plains, or 
more level pans of her surface. There may be rivers or 
small lakes on this planet ; but it is generally thought, by 
astronomers of the present day, that there are no seas or 
large collections of water, as was formerly supposed. 
Some of these mountains and deep valleys are visible to 
the naked eye ; and many more are visible through a 
telescope of but moderate powers. 

What is the number of seas and lakes, as thej were fbrmeriy considered Y 
Whose dimensions are Icnown 1 What is the number of peaks and moanttdnfl 
whose perpendicular elevation varies from a fourth of a mile to five miles, a nd wh ose 
bases, are from one to seventy miles in length 1 CXLV. Define Selenograpby. 
CXLVI. Give an illustration to enable us to form some idea of some of these ■cenes. 
CXLVII Wliich spots arc the mountainous retnons, and which the plains 1 Do a»^ 
tronomers now suppose, aa llicy did formerly, that there are larpe collections of 
wat«r on the Moon^s surface 7 Arc any of her moontains and valleys visibla to UM 
lokedeyel 
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CSZIi!IFUI. Atele8cq>e which magnifies only 100 tiiiie% 
ivSMPMr a spot on the Moon's surface, whose diainetei 
is IMS.yaids; and one which magnifies a thousand times, 
will enable us to perceive any enlightened object on hei 
surface whose dimensions are only 122 yards, which doei 
not much exceed the dimensions of some of ouf public 
edifices. 

Shutraium, For iriBtance, the Capitol at Washington, or. St PauTs Ca- 
thedral. Profeaaor Frannhofer of Munich, recently announced that he had 
diaoovered a lunar edifice, resembling a foriification, together with senerd 
Unea qf road. The celebrated astronomer Schroeter, conjectures the ex- 
wtence of a great city on the east side of the Moon, a little north oi her equa- 
tor, an extensive canal in another place, and fields of vegetation in another. 

CXLIX. It may be demonstrated from the laws of 
optics, that there exists no physical impossibility to the 
construction of instruments sufiiciently powerful to settle 
the question of the Moon being inhabited. The difficulty 
which prevented the great telescope of Herschel from 
revealing this secret, was not so much the want of power 
in the lensy as of light in the tube, to render objects dis- 
tinct und^r such an expansion of the visual rays. 

SOLAR AND LUNAR ECLIPSES. 

CL. Of all the phenomena of the heavens, there are 
none which engage the attention of mankind more than 
eclipses of the Sun and Moon ; and to those who are un 
acquainted with astronomy, nothing appears more wonder- 
ful than the accuracy with which they can be predicted. 
In the early ages ojf antiquity they were regarded a« 
alano^ng deviations from the esl&blished laws of nature, 
pifes^gin^ great public calamities and other tokens of the 
Divine displeasure. 

An eclipse of the Sun takes place when the dark body 
of the Moon, passing directly between the Earth and the 
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OXLVnL How BinaU a spot on the Moon's sor&ce caa he seen hj a teleteoM 
which magnifies 100 times f How smaU an enHshtened object can be seen by one 
wiiich magnifies lOOD times 1 Mention any pabltc edifices which are of nearly the 
same dimensions. CXLIX. Why may not a telescope be made by which we caa 
oefeirmlBe the question of the Moon bieiiur inhabited ? CL How were eclipses re- 
•unSed in the early sges of antiquity 1 What causes etiipses of the Bun 
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Sun, intercepts his light. This can happen only the 
instant of new Moon, or when the Moon is in conjunction ; 
for it is only then that she passes between us and the 
Sun. 

An eclipse of the Moon takes place when the dark body 
of the Eerth, coming between her and the Sun, intercepts 
his light, and throws a shadow on the Moon. This can 
happen only at the time of full Moon, or when the Moon 
is in opposition ; for it is only then that the Earth is be- 
tween her and the Sun. 

As every planet belonging to the solar system, both 
primary and secondary, derives its light from the Sun, it 
must cast a shadow towards that part of the heavens 
which is opposite to the Sun. This shadow is of course 
nothing but a privation of light in the space hid from the 
Sun by the opaque body, and will alwtiys be proportioned 
to the magnitude of the Sun and planet. 

If the Sun and planet were both of the same magnitude, ^ 
the form of the shadow cast by the planet, would be that 
of a cylinder, and of the same diameter as the Sun or 
planet. 

CLI. An eclipse of a heavenly body is caused by an- 
other heavenly body passing over its disk and ooscu- 
ring its surface. 

CLII. The Moon is eclipsed, when she is received in 
the Earth's shadow, as seen in fig. 17, page 232, where 
is represented the Moon passing through the Earth's shad- 
ow. It has been ascertained by careful astronomical cal- 
culation, that when the Sun is at his greatest distance 
from the Earth, and the Moon at her least distance, the 
Moon's shadow not only reaches the Earth, but nearly 
20,000 miles farther : but on the contrary, when the Sun 
is nearest, and the Moon farthest from the Earth, the 
Moon's shadow extends only 220,000 miles, terminating 

What causes eclipses of the Moonl In what direcUon does ever^ planet of the 
Bolar system cast a shadow 1 What is this shadow, and to what is it proportional? 
If the Sun and planet were both of the same magnitude, what wookl be the form o. 
(he shadow, ahd its diameter 1 CU. Define an eclipse. CLa What oocaiioni an 
■clipee of the Uoaa 1 
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dOyOQ^ miles before it reaches our Eartli. Na eclipsi 
eitb^^ the Sun or Moon can happen, unless the Sun, 
Moon, and Earth, are in, or nearly in a straight line. 

CLIII. Tf the orbit of the Moon were exactly in the 
same plane as that of the Earth, there would be an eclipse 
of the Sun every lime that the Sun and Moon happened 
to be on the same side of the Earth. This eCFect is pre- 
vented, by the angle which is made by the plane of the 
Moon's orbit, with that of tlie Earth's orbit, which is 5^ 
3(X. Were it not for the angle above named, there would 
be an eclipse of the Sun every lunar montii. 

CLIV. The nodes of the Moon are those points in her 
orbit, where the plane of her orl)it, cuts the plane of the 
Earth's orbit ; or in oiher words, it is ihose places where 
the Moon's and the Earth's orbit cross each other. 

CLV. These two nodes arc denominated the ascending 
and descending nodes, the reason of which will be obvious 
if we suppose for the sake of illustration, the plane of the 
Earth's orbit to be horizontal, and that of the Moon's op- 
bit inclined but crossing that of the Earth ; now one half 
of the Moon's orbit would then be below that of the Earth, 
' and the other half above it. Accordingly when the Moon 
crosses the Earth's orbit to go below it she is said to pass 
through her descending node : when on the contrary, she 
is rising into the upper portion of her orbit, she is said to 
pass hSr ascending node. . 

CLVI. The Moon like the odier heavenly bodies, has 
an elliptical orbit as may be seen by inspecting fi^. 14, 
page 21 5, where the Earth is represented in ah eUiptical 
. orbit, and then seen within it near the centre, where the 
Moon must be nearer the Earth in some parts of her or<^ 
bit than in others. When she is in the nearest part, she 

In eelipMHOf the Moon, what planet is between the Son and BToon Y In ecUpaea 
9f the Son, what planet is between the Sun and Earth 1 CLIIL Why is there not 
an eclipse of the San at every coiyunction of the Son and Moon % How many de* 
frees is the Moon's orbit inclined to that of the Earth 1 CLIV. What are tli** uodei 
o( the Moon 1 CLV. What is meant by the ascending and descending nodes of the 
Moon Y CLVL What is is the Moon's ^Mgee, and what her perigee Y 
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18 Bdid to be in perigee, but when in the farthest pa^tf in 
apogee. 

CLVII. The Moon must be at or near her nodes du 
ring an eclipse, because the Sun, Moon, and Earth never 
come in the same line except in this position. 

CLVIII. The reason eclipses do not happen more fre- 
queiilly, and more regularly is, because the Moon in pas- 
sing her nodes is not in conjunction with the^ Sun, more 
than twice or thrice in a year. 

CLIX. It is found both by calculation and by observa- 
tion, that the average number of eclipses oi Sun and 
Moon together annually is four. Seven is the most, and 
two the least that can occur in a year. 

CLX. To have an echpse of the Sun, the Moon must 
be within 164° of her node, which must also be at the 
time of new Moon ; and to have an eclipse of the Moon, 
she must be within 12° degrees of her nodes, and this at 
the time of full Moon. Now as the former condition of 
things takes place much more freoucntly than the latter, 
there must necessarily be more solar than lunar eclipses 
in any given term of years. 

CLXI. Though solar eclipses occur in reality more 
frequently than lunar, yet an individual in any given place 
on the Earth, will see a greater number of the latter in a 
given time than of the former ; the cause of which seems 
to be this : the lunar eclipse is produced by the shadow 
of the Earth on the Moon, and is visible to the whole 
hemisphere of the Earth, that is towards the Moon; there- 
fore one half of the inhabitants of our Earth would see 
an eclipse of the Moon if the Earth were at rest on her 
axis, but as she is constantly rotating more than half the 



CLVn. Why must the Moon be at or near one of her nodes, to occasion WMClipse 1 
CLVm. Why do not eciipses happen often, and at regular periods 1 CLIX. What la 
the greatest, and what the least number of eclipses, that can happen in a year 1 CLX. 
Why win there be more solar than lunar ecunses, in the course of yearat OLXI. 
Why wni more, \unar than solar eclipses be visible at one place 1 



inhabi||uiU must see every lunar eclipse. The soini 
eclipse is produced by the shadow of the Moon, falling 
on the Earth, and can never cover a space of more than 
5,000 miles in diameter and a total eclipse, only 1 75 miles 
in diameter* The consequence is that the inhabitants of 
any given place on the Earth, will see at least half of all 
the lunar eclipses, while the same individuals may not 
see more than one fourth of the solar eclipses. 

CLXII. Lunar Eclipses as already described arise 
firom the passage of the Moon into the shadow of the 
Earth, so the Sun's rays are prevented from reaching the 
Moon and she is said to be eclipsed. 

CLXIII. The eclipse is partial when the shadow cov- 
ers but a part of her disk, and total when it covers the 
whole. 

IlluatraHon. Fig. 17 below, represents a total eclipse ; on the left of the fig* 
me is the Sun, to the right of which is the Earth, and the Moon in her orbit 
passing through the Earth's shadow which comes to a conical point at th« 
extreme right of the figure. It will be quite evident from inspection of the 
figure, that the Moon thus obscured, would be visible to all spectators on 
tmit hemisphere of the Earth, that is turned towards the Moon, such eclip- 
ses only occurring at full Moon, as is evident from its position with regard 
to the Earth and Sun. 

Fig. 17. 
Eclipse of the Moon. 
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CLXIV. Solar Eclipses take place when the Mood 
comes between the Earth and the Sun, and the Moon's 
shadow is received on the Earth. 



"^ — -^ 

OLXn. Define a lunar eclipse. CLXni. Why Is the same eclime total »t mu 
place, and only partial at another 1 CLXIV. Define a solar eeltpM. 



£0UP8C9.^ 



•CLXV. Solar eclipses are totalj partial^ central and 
annular. They are totaly when the Sun's disk is entirely 
obscured, and partial when it is partly illunainated, and 
partly obscured. They are central, when the centres of 
the Sun, Moon, and Earth, are in the same straight line. 

CLXVI. A total eclipse is confined to an area not 
niore than 200 miles in diameter while a partial eclipse 
may extend over 4,000 miles. 

lUustraiion. The following cut is intraduccd, to show how small an area 
en the Earth is totally eclipsed in a solar eclipse. Here S, fig. 18 represents 
the Sun, while on the left of the figure, is the Earth and the Moon oostruct- 
ing the Sun's rays and casting a shadow on a small portion of the Earth. 

Fig. 18. 

Eclipse of the Sun. 
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CLXVII. A central eclipse is annular, when the Moon 
is at so great a distance from the Earth, that its area is 
not large enough to conceal the entire disk of the Sun, 
and there will be seen surrounding her dark body, a ring 
of dazzling light. 

lUustrcUioth This is seen in the foIloMring diagram, fig. 19. where S repre- 
sents the Sun, m the Moon, o the apex of the conical shaaow, ki any part 
of which the eclipse will be total. This conical shadow m o, when the Sun 
is at (lis greatest, and the Moon at her least distance from the Earth, termi- 
nates !^,000 miles before it reaches the Earth ; so also when the Sun and 
Moon are at their mean distances from the Earth, their shadow terminates 
a little before it reaches the Earth, and if any person stand a litUe beyond 
the point o, he will see the luminous Hng bordering the 3un*8 disk, whUe the 
central portions are obscured by the Moon which intervenes. 

The partial shadows D and C, are called the penumbrOf while the dark 
shadow m 0, is call the umbra. 



CLXV. How many varieties of solar eclipses'? Define totals partial and central. 
CLXVI. What spaces are covered by total and by partial eclipses') CLXVIL How 
does a central eclipse become annular 1 Give the illustratioa by the^ diagram. 
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It will be Mon by inipeetion of fiff. 19^ that an edipse will be toCal only to 
those within the umbra, and partial to all without it; it will be eentnl to aB 
those in a line corresponding with tn o, or with a line paasmg throetth tbi 
oentre of the Sun S, the centre of the Moon m, and extends thioo^ o; ic 
will be annular only to those behind 0^ and in the direct line S m e. 

CLXVIII. It will be remembered that the Earth 
would appear to a spectator in the Moon, much the same 
as tlie Moon appears to us, but larger. If therefore we 
suffer a solar eclipse, the Earth will appear to the Moon, 
as the Moon docs to us in a lunar eclipse, but the shadow 
will be confined to a small space, ana will appear like a 
dark spot. If we have a lunar eclipse, a spectator in the 
.Moon, would have a solar eclipse, caused by the Earth 
coming between him and the Sun. 



^ THB TIDES. 

CLXIX. The oceans^ and most seas are obserred to 
be incessantly agitated for certain periods of time, first 
from the east towards the west, and then a^n from the 
west towards the east. In tliis motion, which lasta-about 
six hours, the sea gradually swells ; so that entering the 
mouths of rivers, it drives back the waters toward their 
source. After a conditional flow of six hours, the seas 
seem to rest for about a quarter of an hour ; they then 
be^n to ebb, or retire back again from west to east for 



Are annular eclipses ever total In any part of the Earth 1 In annular ecltoeet 
what part of the Moon's shadow reaches t)ie Earth 7 CLXVm. What to siud coa 
eeming eelipees of the Earth, m seen from the Moon 1 CI<XIX. Defipe the tinML 
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six hours more ; and tlte rivers again resume their natural 
courses. Then after a seeming pause of a quartei of an 
hour, the seas again begin to flow as before. This 
regular and alternate motion of the sea constitutes the 
tides, of which there are two in something less than 
twenty-five hours. 

Obtercation. The ancienlB Considered the ebbing and flawing of the lidM 
■s one of ihe grealeal mfsterieB in nature, and were ullerl]' at a losB to ac- 
- ' -'- Galileo and Descartes, and psrticularlr Kepler, madaaoms 



CLXX. Tides are caused by the attraction of the Sun 
and Moon, but mostly by that of the Moon, the tendency 
of which is to draw the waters of the ocean on that side 
next the Moon away from the centre of the Earth ; antn 
while the Moon attracts the centre of the Earth, more tnati 
the water, in the hemisphere opposite to her, the Earth is 
drawn away from those waters causing them to be eleva 

ed, producing a tide simultaneous with the fint. 

JUuilrstton. Let Ap Ln, fig. 21^ be the Eaiib, and C iti centre; let the 
Fix.W. 




dotted code P N w pme n t a mt« of wut^ eommg As maSmt ^ thi 
Earth; let M m, be the Moon; S j^ the Sun in ^fieieat atiutioiia. Be- 
canae the power of gravity dhniniiheii aa the eqaares of the distuices in* 
oetae^ thewateraonthendeof the Earth A are inoie attracted by the Moon 
at M, than the central parte of the Earth C, and the central parte are mofe 
attracted than the watera on the oppoeite aide of the Eardi at L ; oonae- 
^nently the watera on the ode L will be attracted leea than the cenlie^ or 
will recede fix>m the centre. Therefore, while the Moon ia at M, the waters 
will riae towarda a and I on the opposite sides of the Earth A L ; while, hj 
the oblique attraction of the Moon, the watera at P and N will be depiesaed. 

ObtermUion, That the Moon, saya Sir John Heradid, abould by her at- 
traction, heap up the watera of the ocean under her, aeems to moat peraons 
Tery natural ; but that the aame cause ahould at the same time^ heap them 
up on the opposite side, seems, to many, palpably absurd. Yet nothine it 
more true, nc 'ndeed more evident, when we consider that it ia not by her 
vhoU attraction, but by the differences of her attractions at the opposite sor- 
Iheea and ai the centre, that the waters are raised. 

That the tides are dependant upon some known and determinate laws, ia 
evident from the exact time of nigh water being previoualy given in every 
ephemeria, and in many of the common almanacs. 

The Moon comes every day later to the meridian than on the day pn* 
ceding, and her exact time is known by calculation ; and the lidea in any 
and every place, will be found to follow the same rule ; happening exactly ao 
Binch later ewery day as the Moon comes later to the meridian. From thia 
exact conformity to the motiona of the Moon, we are induced to look to her 
as the cauae ; and to infer that those phenomena are occasbned piincqpally 
by the Moon's attraction. 

CLXXI. If the Earth were at rest, and there were no 
attractive influence from either the Sun or Moon, it is ob- 
yious from the principles of ffravitation, that the waters 
in the ocean would be truljr spherical ; fjurepresentad by 
fig. 21) but daily obsenration prores thai they are in a 
state of continual agitation. 

f%.Sl. Fig. 22. . VV^A 






What is Mr Jotaa ■MBebePs remark upon thU theory 1 How la It known that the 
tides are aovemed bfiaay ascertained hw 1 What coincidence fs obserred between 
th^ merlaian passage of the Moon, and the time of hig^li water 1 What conchMloQ 
nur we deriTe from this coincidence 1 CLXXI. If the Earth were at rest, and nndef 
aa inSaeiiea flrom tb« attraettoa of the Sun or Moon, what shape would the waters 
IHomeY 
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CLXXII. If the Earth and Moon were without ihotion, 
and the Earth covered all over with water, the attraction 
of the Moon would raise it up in a heap, in that part of 
the ocean to which the Moon is vertical, as in figure 22, 
and there it would, probably, always continue ; but by the 
rotation of the Earth upon its axis, each part of its surface 
to which the Moon is vertical is presented to the action 
of the Moon ; wherefore, as the quantity of water on the 
whole Earth remains the same, when the waters are ele- 
vated on the side of the Earth under the Moon, and on the 
opposite side also, it is evident they must recede from the 
intermediate points, and thus the attraction of the Moon 
produce high water at two opposite places, and low water 
at two opposite places on the Earth, at the same time, as 
represented by figure 23. 

JUuatratum, This is evident from the following figure. The waters can- 
not rise in one place, without falling in another ; and therefore they must fall 
as low in the horizon at G and D, as they rise in the zenith and na^ at A 
andB. 

Pig. 24. 





CLXXIII. The Rngth of the lunar day, that is, of the 
interval, from one meridian passage of the Moon to an- 
other, being at a mean rate, 24 hours, 48 minutes and 44 
seconds ; the interval between the flux and the reflux of 
the sea is not at a mean rate, precisely six hom*s» but 
twelve minutes and eleven seconds more, so that the time 
of high water doei not happen at the same hour, but is 
about 49 minutes later every day. 

CLXXn. Suppose the attractive power of the Moon upoiyfts Earth Co be as It is, 
and neither the Earth or Moon to have any motion, what wooB be the remit 1 How 
would this condition of things be affected bv the Earth's rotation 1 CLXXm. What 
Is the average interval between the flux and reflux of the seal What is die length 
•I a hmar day, and of the interval of the flnz and reflux of the seal 



CLXXrV. The Earth rerolTes on its axis in aboal 
24 hours ; if the Moon, therefore, were stationa];^ , the 
same part of our globe would return beneath it, and there 
would be two tides every 24 hours ; but while the Eaith 
it turning once upon its axis, the Moon has gone for- 
ward 13° in her orbit — ^which takes forty-nine minutes 
more before the same meridian is brought again directly 
under the Moon. And hence every succeeding day the 
time of high water will be forty-nine minutes Jater than 
the preceding. 

JUustratutn. Suppose at any place it be high wmter mt 3 o'dock in dw 
•fieracx>n, upon tne day of new Moon ; the following day it will be Iqgh 
water about 49 minutes after 3 ; the day after, about 38 minutes alter 4 ; aid 
•o on^ till the next new Moon. The exact daily mean retardation of the 
tidea is thus determined : — 
The mean motion of the Moon in a solar day^ is 13^.17639639 
The mean motion of the Sun in a solar day, is .96564722 

Now, as 15'' is to 60 minutes, so is 12^.19074917 to 48^44'. 

CLXXV. The tides, though constant, are not equal; 
they are greatest when the Moon is in conjunction with, 
or in opposition to the Sun ; and least when in quadra- 
ture. The former are called Spring Tides; the latter, 
Neap Tides. Tlie spring tides are Highest, when the 
Sun and Moon are near the equator, and the Moon at her 
least distance from the Earth. The neap tides are lowest, 
when the Moon in her first and second quarters is at her 
greatest distance from the Earth. The general theory of 
the tides is this : when the Moon ii nearest the Earth, 
her attraction is strongest, and the tides are the highest: 
when she is farthest from the Earth, her attraction is least, 
and the tides are the lowest. 

CLXXVI. From the above theory, it might be sup- 
posed that the tides would be the highest when the Moon 
was on the meridian. But it is found that in open seas, 



CLXXI V. How is this daily retardation of the tides accounted for 1 Give the iUns* 
tnuion. CLXXV. Af%the tides uniformly high 1 What are these extreme tides 
called 1 Wlien are the spring tides hi^est, and the neap tides lowest 7 What is the 
feneral theory upon this subject 1 OLXXVI. Does it necessarily result fromthii 
tneory, that the tide is highest when the Moon is on the meridian 1 
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where the water flows freely, the Moon has generally 
passed the north or south meridian about three Kours^ 
when it is high tvater. The reason is, that the force by 
which the Moon raises the tide continues to acty and con- 
sequently the waters continue to rise, after she has passed 
the meridian. 

CLXXVII. For the same reason, the highest tides, 
which are produced by the conjunction and opposition of 
the Sun and Moon, or when the Sun and Moon are on op- 
posite sides of the Earth, do not happen on the days of the 
full and change ; neither do the lowest tides happen on the 
days of their quadrature. But the greatest spring tides 
commonly happen, three days after the new and full 
Moons ; and the least neap tides three days after the first 
and third quarters. 

JUuatrcUion, The Sun and Moon, by reason of the elliptical form of their 
orbits, are alternately nearer to and farther from the Earth, than their mean 
distances. In consequence of this^ the efficacy of the Sim will fluctuate be- 
tween the extremes 19 and 21, takmg 20 for its mean value, and between 43 
and 59 for that of the Moon. Taking into account this cause of diflerence, the 
highest sprinff tide will be to the lowest neap as 59-|-21 is to 43—19, or as 
80 to 24) or 10 to 3. The relative mean influence is as 51 to 20, or as 5 to 
2f nearly. — HerscheTs Astr. p. 339. 

CiiXXVIII. Though the tides in open seas^ are at 
the highest about three hours after the Moon has passed 
the meridian, yet the waters in their passlige through 
shoals and channels, and by striking against capes and 
headlands, are so t^ftded that, the tides happen at all 
distances of the Moon from the meridian, and conse- 
quently, at all hours of the lunar day. 

CLXXIX. In small collections of water, the Moon 
acts at the same time on every part ; diminishing the 
gravity of the whole mass. On this account there are 
no sensible tides in lakes, the|^ being generally so small 
that when the Moon is vertical, it attracts every part alike ; 

What reason is assigned forthis 1 CLXXVU. What similar Ikct is accounted for 
tqpon the same principle 1 What is the comparative force of the solar and lunar at* 
traction upon the Earth 1 CLXXVin. To what is owing the great difference in the 
time of hiffh water at places lying under the same meridian? CLXXIX. Why are 
tMre no tides upon lakes, and small collections of water 1 
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find by rendering all the iraters equally light, no part of 
tliom can be raised higher than another. The Mediter- 
r.ii.ean and Bailie seas have very small elevations, partly 
for 1(1 ia reason, aiid partly because the inlets by whkh 
thty communicate with the ocean are so narrow, that they 
c.'jiinot in so short a time, either receiTe <nr discharge 
enough, sensibly to raise or sink their surfaces. 

CLXXX. Of all the causes of difference in the height 
of tides at different places, by far the greatest is local 
situation. In wide-mouthed rivers, op)ening in the direc- 
tion of the stream of the tides, and whose channels are 
growing gradually narrower, the water is accumulated by 
the contracting banks, until in some instances it rises to 
the height of 20, 30, and even 50 feet. 

CLXXXI. Air being lighter than water, and the sur- 
face of the atmosphere being nearer to the Moon than 
the surface of the sea, it cannot be doubted but that the 
Moon raises much higher tides in the atmosphere than in 
the sea. According to Sir John Herschel these tides are, 
by very delicate observations, rendered not only sensible, 
but measurable, 

Obtervation. Upon the supposition th&t the waters on the surface of the 
Moon arc of the same specific gravity as our own, we iniglit easflv detff* 
mino the hoight to which the Earth would raise a lunar tide, by the Knoiiii 
principle, that the attraction of one of these bodies on the other^s suiftceia 
dirccUv as its quantity of matter, and inttrady as its diameter. By makiiig 
the calculation, we shall find the attractive power of the Earth upon tfce 
Moon to be 21.777 times greater than that of me Moon upon the Earth. 

SOLAR OR SIDEREAL TIME 

CLXXXII. By a solar or natural day we mean the 
time taken by the sun to go from any meridian until it 
come to the same meridian again, or from noon of one 
day till noon of the neatt, which is about twenty-four 

CLXXX. To what cauHe, more than to all others. Is the different height of ddei 
nwliiK 1 Fir,)lain this. CLXXXI. Is it probable that the Moon exerts any influence 
ofiutrnctionon the atmosphere 7 Why is it probablsT Are the atmospheric tide* 
Biifflr.iiMitly itonsiblo to be appreciated 1 How much greater is the attractiv e po*sf 
o( tho Earth upon the Moon, than that of the Moon apon the Earth t CLXCDL 
Dsflnt Nokur and sidereal time. 



ttours, but vaiies, someiiines being a tiUje less and at 
others a litllc more. 

By a sidereal day wc mean the time that elapses be- 
tween the paasagc of any given meridian, as of New York, 
from any nxed star, as Sirius, and the return of the same 
meridian to the same star which is 23 bouts, 66 minutes, 
and i seconds. The difference therefoce between a solar 
and sidereal day is 3 minutes and 56 seconds, which in a 
solar year amounts to 23 hours 57 minutes and 20 sec- 
onds, being 2 minules and 40 seconds short of a solar 
day; therefore a solar year is 365 days and a fraction, 
while a sidereal year is nearly 366 days or revolutions oi 
l)ie earth on its axis. 

CliuCraiiun. The difisrBnca belnEen solar and HidereBl Dins 'u) OmBed by 
the mavemuni of the Earth ia its orbit; ihij mtj be illustrated by the hniids 
on the dial ot a watch ; suppose the hour 12 lo rE?pregenl any fi^^ alar, and 
the hour end minute-hands (Iho former iepreBi:'ntinir the Sun Iha lutler lUu 
fiulb,) labs at 12. The minute-hand or E^nb wilt make a complete rcio- 
lution and arrive at 12 the Gxed stur cottiplciing a eilleteHl day, but in tlie 
mean time the Sun or hour-hand will have moved on to 1 ; the solar day 
ihewfora will not be completed until the minute haml reach Ij bo in caoh 
revolution the solar will belonget ihnn the sidereal day. It should be Btaled 
that the point of the minule-hand vrliila it repreaents the motion or the 
Barth in iia orbii alao representa some ^vcn meridian of ihs Earlli. 

CLXXXIII. Had the Earth only a diurnal motion a 
Bolar and sidereal day would exactly correspond — because 
in that case using the iljiialralion of CLXXXU. the Sun 
or hour-hand would remain at 12 on the return of the 
Earth or mimiie-hand lo the same meridian. 

Bluilralioit. This aubjeot may be iiluslraltd atill further by tho diagraim' 
Fig. 25. Let a be (he Sun nnd A, B, C, different posiliona of the Eatlh ta 
MS orbit, a portion of which ii represented hy the curved line. Let the Sun 
S be on a giton meridian e while the Earth is at A, then a ray from the Sua 
lowarda the centre of (be Earth coincides with the light tine e; but whUa 
the Earth mnses on in her orbil from A to B or from wesl to eas^ ahe com- 
pteiesher revolution with regard to a fixed alar when ehe arrivea at e in po- 
ntion B, but she will notbcve completed bar solar day until she paasea from 

a to D, nnd in poailion C Iho sidereal will hare Sained Still n ■'~ ' 

aolarday. The 3 m-— ■ '"' ■'--'■ --■- j--- 




CLXXXIV. Thus, it i» obTinus, that (he Earth ntul 
complete one rcTolution, and a portion of a second levo 
lution, equal lo the space she hns adFanccd in her ottiiVt 
in order to bring the snme meridian back agaiii to thia 
Sun. Thia small portion uf a second revolution atnoUDH^ 
daily lo the 365lh part of Iicr circumference, and llierfr- 4 
fore, at the end of the year, to one entire rotation, andu 
hence in 36r> davB, the Earth actually turns on her an$ 
366 limes. Tmia, as one complete rolation forms ^ 
BJderial day, there must, in ihc year, be one siderif^ 
more tlian there arc solar days, one rolation of the 
Enrth, with reaped to ihe Snn, being lost by the Eajth'i 
yearly revohilion. The same loss of a day liappens to a* 
traveller, who, in passing round the Earlh toward th#' 
west, reckons his time by the rising and setting of the^ 
Sun. If he passes round toward the east, he wifl gain a' 
day for the same reason. 

EqrATION OV TIMB. 

CLXXXV. As the motion of the Earth about its axii 




iB^ perfectly uniform, the Biderial dnys, as we have already 
Been, are exactly of the sume loneth in all parts of the 
year. But as the orbil of the EarlH, or the apparent path 
of the Sun is incHned lo the Earth^s axis, and as tlte Earth 
moves with dilTerfint velocities in different parts of its 
orbit, the solar or natural days, are sometimes gre&ter and 
sometimes less than 24 hours, as shown by au accurate 
clock. The consequence is, thai a true sundial or noon- 
mark, and a true timepiece, agree with cacli other otily a 
few times in a year. 

CLXXXVL The difiercacc between the sundial and 
cloclc, thus shown, is called tlie equation of time. 

CLXXXVII. The difference between the Sun and a 
well-regulated clock, thus arises from iwo causes, the in- 
clination of ihe Eitrth's axis to the ecliptic, and ihe ellip- 
tical form cflhc Earth's orbit. 

Thai the Earlh moves in an ellipse, and that its motion 
is more rapid aomelimcs than at others, as well as that the 
Earth's axis is inclined to the ecliptic, have already be«n 
explained and ilbslrated. It remains, iherefore, to show 
how ihpse two combined causes, the elliptical fonn of ihc 
orbit, and the inclination of the axis, produce the disa- 
greement between the Sun and fclock. In this explana- 
tion, we must consider the Sun as moving around the 
ecliptic, while the Earth revolves on her a\is 

CLXXXVIII. Equal or mean time, i* thai which is 
reckoned by a clock, supposed lo indicate exactly 24 
hours, from 12 o'clock on one day to 12 o'clock on the 
next day. Apparent lime, is that which is measured by 
the apparent motion of the Sun in the heavens, as indi- 
cated by a meridian line, or sundial. 

Were the Earth's orbit a perfect circle, and her axis per- 
pendicular lo the plane of ibis orbit, the days would be of 

g.X XXVI Whif l9 Ihe rtllTfiwicp hetwrtn ihc Hmsofn iii.i.'tW anriorTiKk 

flotk; bi -li.lslnln^ wiiuUinn nf lime, whiil mnllmi Iti Bnirsiaered »s helonjiurin 
Iha fiun, rjid »bal m;iiia rn Iha Eulh 1 CLXSXVnL Wlut ii eqiul, or iDran 
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uniform length, and there would be no difference between 
the clock and the Sun ; both would indicate 12 o'clock at 
the same time, on every day in the year. But on account 
of the inclination of the Earth's axis to the ecliptic, une* 
qual portions of the Sun's apparent path through the 
heavens will pass any meridian in eoual times. 

PRECESSION OF THE EQUINOXES. 

CLXXXIX. A tropical year is the time it takes the 
Sun to pass from one equinox or tiopic, to the same tropic 
or equinox again. 

CXC. A siderial year is the time it takes the Sun to 
perform his apparent annual revolution, from a fixed star 
to the same fixed star again. 

CXCI. Now it has been found that these two revolu- 
tions are not completed in exactly the same time, but 
that it takes the Sun about 20 minutes longer to complete 
his apparent revolution in respect to the star^ than it does 
in respect to the equinox^ and hence the siderial year is 
about 20 minutes longer than the tropical year. The 
revolution of the Earth from equinox to equinox, again, 
therefore precedes its complete revolution in the ecliptic 
by about 20 minutes, for the absolute revolution of the 
Earth is measured by its return to the fixed star, and not 
by the return of the Sun to the same equinoctial point. 

CXCII. This apparent falling back of the equinoctial 
point, so as to make the time when it meets the Sun pre- 
cede the time when the Earth makes its complete revolu- 
tion in respect to the star, is called the precession of the 
equinoxes, 

CXCIII. The distance which the Sun thus gains upon 
the fixed star, or the difference between the Sun and star, 
when the Sun has arrived at the equinoctial point, amounts 

♦ l.XXXIX. What Is a tropical ypaT7 CXC. What is a sidpiial yearl CXCI. 
Wlrnt is the (iifiVrcnce in tlie time which it takes the Sun to coniplote his revohKion 
in respect to a star, .ind in respect to ttie equinox 1 CXCH. Explain what is meast 
bj the nreceaaion of (he equioolces. CXCIIL How many seeonds of a dofprea dDM 
tto equinox recede every year, when the Sun's place te eoiMipKtod. wiUi a Ma^t 
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to 50 seconds of a degree, ihus making the equinoclial 
point recede 50 seconds of a degree, (when measured by 
ihe signs of the zodiac,) weslward every year, .contrary to 
the Sun's annual progressive motion in the ecliptic. 

CXCIV, The precession of ihe equinoxes, being 50 
ieconds of a degree every year, contrary to the Sun'a op- 
parent motion, or about 20 minutes in time, short of tno 
point where the Sun and equinoxes coincided the year 
before ; it follows, that the fixed stars, or those in the sign 
of llie zodiac, move forward every year 50 seconds, with 
respect to the equinoxes. 

CXCV. In consequence of this precession, in 2160 
years, those stars which now appear in the beginning of 
the sign Aries, for instance, will then appear in the be- 
ginning of Taurus, having moved forward one whole sign, 
or 30", with respect to the equinoxes, or the equinoxes 
having gone backward 30°, with respect to the stars. In 
12,960 years or 6 limes 2160 years, therefore, the stars 
will appear to have moved forward one half of the wl-ola 
circle of the heavens, so tliat those which now appear iti 
the first degree of the sign Aries, will then be in the op- 
posite point of the zodiac, and therefore, in the iirst degree 
of Libra. And in 12,960 years more, because the equi- 
noxes will have fallen back the otlier half of the circle, 
the stars will appear to have gone forward from Libra to 
Aries, thus completing the whole circle of the zodiac. 

CXCVI. Thus in about 26,000 years the equinox will 
have gone backward a whole revolution around the axis 
of the ecliptic, and the stars will appear to have gone for- 
ward the whole circle of the zodiac. 

CXCVII. The discovery of the precession of the equi- 
noxes has thrown much light on ancient astronomy and 
chronology, by showing an agreement between ancient 

CXCIV. Howmnnf mimilPHiiillme, IslhflpreccaBloncjriheeiiiiinnmiperiresrl 
CXCV. WhiU pffFcldnnalhisnreci-iMiDn produce on ihe Hied narnl BDnrmmr 

■nu" "eat wll "l^ War* ipn^w Ktia'^^iaeA^UiTBana tticHifa.Bo.l CXBVl. 
fa whu period will the Eulh njipearla hils gooe bBckvnrd one whale rg<n:ltKI<Hi) 
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•nd modem observations, concerning the places of ihe signs 
of ihe zodiac, not to be reconciled in any other n ann r. 

CXCVIII. The cause of the precession of the equi- 
noxes is ihc action of liie 8iin and Moon on the protube- 
rant mailer about the Eaith^s equator, that matter which 
causes the equatorial diameter to be 34 miles longCT than 
the pcrfar diameter. It is this protuberant matter at the 
equator of the Earth that causes a movement of the 
Earth about the axis of the ecliptic which is the preces- 
sion of the equinoxes ; or the precession of the equinoxes 
is a retrograde motion of the equinoctial points from the 
action of the Sun and Moon, on the protuberent matter 
about the Earth's equator. 

MARS 

CXCIX. Mars is the first of the exterior planets, its 
orbit lying immediately beyond that of the Earth, while 
those of Mercury and Venus are within. 

CC. Mars appears to the naked eye, of a fine ruddy 
complexion ; resembling, in colour, and apparent magni- 
tude, the star An tares, or Aldebaran, near which it fre- 
Siently passes. It exhibits its greatest brilliancy about 
e time that it rises when the Sun sets, and sets when 
the Sun rises ; because it is then nearest the Earth. It 
is least brilliant when it rises and sets with the Sun ; for 
then it is five times farther removed from us than in the 
former case. 

CCI. Its distance from the Earth at its nearest ap- 
proach is about 50,000,000 of miles. Its greatest dis- 
tance from us is about 240,000,000 of miles. In the 
former case, it appears nearly 25 times larger than in the 
latter. When it rises before the Sun, it is our morning 
star ; when it sets after the Sun, it is our evening star. 

CXCVm. What is the cause of the prcceaBion of t)ie enninozes7 CXCIX. What 
la the position of Mars in the solar system ? CC. Desertbe its appearance to the 
Aaked eye 1 When does it exhibit its greatest brilliancy 1 Why is it most brilliant 
tt this time % CCI. What are its least and greatest distances firoim w I Huw mneh 
vger does it appear in the fonaor OMe, tkin in the lfttt«r1 
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I ecu. Mars U Bometimes seen in opposition to the 
Sun, and Eometimes in eitpcrior conjunction with him; 
Bomcliiiies gibbous, but never homed. In inferior con- 
iuDclion, it is never seen to pass over the, Stio*^9 disk, like 
Mercury and Venus. This proveB not only that ib orbit 
' is Rxterior to the Earth's orbit, but that it is an t^aque 
" body, shining only by the reflticlion of the Sun. 

CCni. The motion of Mars tliroiigli the constellations 
of Uie zodiac, i;s but httle more tlian half ae great as that 
of the Earth ; it being generally about 57 clays in passing 
over one sign, which is at the rate of a little more than 
Imlf a degree each day. Thus if we know what constel- 
lation Mars enters to-day, we may conclude that two 
months hence it will be in the next constellation ; four 
months hence, in the next; six months, in the next, and 
so on. 

CCIV. Mars performs his revolution around the Sun 
in 1 year and lOt months, at the distance of 145,000,000 
of miles ; moving in its orbit at tlie mean rate of 55,000 
miles an hour. Its diurnal rotation on its axis is per- 
formed in 24 hours, 39 minutes, and 21J seconds; 
which makes its day about 44 minutes longer than ours. 
CCV. Its form is that of an oblate spheroid, whose 
polar diameter in to its equatorial, as 15 is to 16, nearly. 
Its mean diameter is 4322 miles. Its biilli, therefore, is 
7 times less than that of the Earth ; and being 50,000,000 
of miles farther from the Sun. it receives from him only 
half as much light and heat. 

CCVf. The inclination of its axis to the plane of its 

con Willi mi» Hlu phHw hu M liM don iha tiei thu it ncror u- 
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01 bit, is about 2S5°. Consequently, its seasons mast bs 
TLTV sirnil«ir to ilios/* of the Earth. Indeed, the analogy 
between Mars and the Earth is greater than the anal(^ 
betwcesi the Earili and any other planet of the solar 
system. Their diurnal motion, and of course the fenglb 
of their davs and nights arc nearly the same ; the obliquity 
of their ecliptics, on wliich the seasons depend, arc not 
very ditycrcnl ; anil, of ail the superior planets, the distance 
of Mars fn>n> the Sun is hv far the nearest to that of the 
Earth ; iu;r is the lriii:ih of its vear areailv different from 
ours, when coinijanxl with ihc years of Jupiter, Saturn, 
and Herschcl. 

CCVIf. To a spectator on this planet, the Earth will 
appear altt;rnate!y, as a morning and evening star; and 
will exhibit all the phases of the Moon, just as Mercury 
and Venus jIo to us ; and somcliuics, like them, will 
appear to pass over the Sun's disk like a dark round spot. 
Our Moon will never ap})ear more than a quarter of a 
degree from the Eailh, although her distance from it is 
240,000 miles. Jf Mars l>e attended by a satellite, it is 
loo small to he seen hy the most powerful telescopes. 

CCVIII. The telescopic phenomena of Mars afford 
peculiar interest to astronomers. ^Pliey behold its disk 
diversified with numerous irregular and variable spots, 
and ornamented with zones and belts of varying brilliance, 
that form, and disappear, by turns. Zones of intense 
brightness are to be seen in its polar regions, subject, 
however, to gradual changes. That of the soutliern pole 
is much the most brilliant. Dr. Herschel supposes that 
they are produced by the reflection of the Sun's light from 
the frozen regions, and that the melting of these masses 
of polar ice is the cause of the variation in their magni- 
tude and appearance. 



How lire its sftafonf, comparof! with those of the Earth 1 In what oarticulars is 
there n greater aniilojary between Mars and the Earth, than between the lllarth and anf 
Other pliin* t in llie wolar system 7 CCVU. Wliaf must be the appearance of the 
Barth to a Hp«'cfator at Mars 7 VVIiat is the areatost distance from the Earth at which 
OwMnon will appear to him to be 7 CCVUI. What are the telescopic pheoomfiiA 
♦f Mam 1 How does Ur. Herschel aecount for them T 
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CCIX. The extraordinaiy height and density of ihe. 
atmosphere of Mars, are supposed to be the cause of the 
remarkable redness of its liglit. 

•THE ASTEROIDS, OR TELESCOPIC PLANETS. 

CCX. Ascending higher in llic solar syslem, we fijjd, 
between the orbils of ftlars and Jupiter, a cluster of four 
small planets, which present a variety of anomalies that 
distinguish them froin all the older planets of the system. 
Their names are Vesfa, Juno, Ceres, and Pallas. They 
were all discovered about the beginning of the present 
century. 

CCXI. The dates of their discovery, and the names of 
ibeir discoverers, are as follows : — 

Ceres, January 1, 1801, by M. Piazzi, of Palermo. 

Pallas, March 28, 1802, by M. Olbers, of Bremen. 

Juno, September I, 1S04, byM. Harding, of Bremen. 

Vesta, March 29, 1807, by M. Olbers, of Bremen. 
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CCXII. The scientific Bode entertained the opinion, 
that the planetary distances, above Mercury, formed a 

Seomctrical series, each exterior orbit being double the 
istance of its next interior one, from the Sun ; a fact 
which obtains with remarkable exactness between Jupiter, 
Saturn, and Hcrschel. But this law seemed to be inte^ 
nipted between Mars and Jupiter. Hence he inferred, 
tliat there was a planet wanting in that interval ; which is 
now happily supplied by the discovery of the four star- 
form planets, occupying the very space where the unex- 
plained vacancy presented a stron^T objection to his theory. 

CCXIII. These bodies are much smaller in size than 
the older planets — they all revolve at nearly the same 
distances from tlie Sun, and perform their revolutions in 
nearly the same periods, — their orbits are much more 
eccentric, and have a much greater inclination to the 
ecliptic, — and what is altogether singular, except in the 
case of comets — all cross each other; so that there is 
even a possibility that two of these bodies, may, some- 
time, in the course of their revolutions, come into collision. 

CCXIV. The orbit of Vesta is so eccentric, that she is 
sometimes farther from the Sun than either Ceres, Pallas, 
or Juno, although her mean distance is many millions of 
miles less than theirs. The orbit of Vesta crosses the 
orbits of all the other three, in two opposite points. 

CCXV. From these and other circumstances, many 
eminent astronomers are of opinion, that these four planets 
are the fragments of a large celestial body whicn once 
revolved between Mars and Jtipiter, and which burst 
astmder by some tremendous convulsion, or some external 
violence. The discovery of Ceres by Piazzi, on the first 
day of the present century, drew the attention of all the 



OCXn. Why did Bode infer that there was a planet wanting between Mars and 
Japiter 1 CCXUI. In what particulars do these planets mffer from the other 
planets 1 How is it possible that two of them should ever come Into collision 1 
CCXrV. How is it that Vesta is sometimes forther from the Sun than either Ceres. 
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aBtronomcra of tlie age Lo that region of the sky, and every 
inch of it was minutely eiplored. The conse()uenc€ was, 
that, in the year following, Dr. Olbera, of Bremen, an- 
noimced la tlie world, the discovery of Pallas, situated 
BOt many degrees from Ceres, and very much resembling 

CCXVI. From this discovery, Dr. Olbers firat con- 
ceived the idea thai these bodies might be the fragments 
of a former world ; and if so, that other portions of it 
might be found either in the same neighbourhood, or else, 
having diverged from the same point, " they ought to 
bave two common points of reunion, or two nodes in 
opposite regions of the heavens ihruugh which all the 
planetary firagmenls must aooner or later pass." 

CCXVII. One of these nodes he found to be, in the 
constellation Virgo, and the opposite one, in the Whale; 
and it is a remarkable coincidence that it was in the 
neighbourhood of the latter constellation that Mr. Handing 
discovered the planet Juno- In oider tlierefore to detect 
the remaining fragments, if any existed, Dr. Olbera ex- 
amined, ihree times every year, all the small stars in 
Virgo and the Whale ; and it was actually in the constel- 
lation Virgo, that he discovered the planet Vesta. Some 
aslronomera think it not unlikely that other fragments of 
a similar description may hereafter be discovered, 

CCXVIil. Dr. Brewster attributes the fall of meteoric 
stones to the smaller fragments of these bodies happening 
to come wiihin the sphere of the Earth's attraction. 

e generally tetmed atroHitt, 



put, mdallie ! but (he ore of which it conrisM U not lo bs found in fte Mm* 
nm^tventpTapordoiitui any known Buhstance npon the Garth. 
2. Their fait ia eeiBrally preceded by a luminoua appeaiBnoe, a hianng 




tSi' « ^i^T .fti'.tTi.r :-s..r- 
^ 7>-j- fr.:^ i^^^m iirc'T. ill: .^ ftll^ fn&rssL-:^. of mccnuiikntitewq^ 

frc ri. '/•'. ^.- • . * .' - ?■•.»•. rt. T_-.s : iJuZ ■-i* 7 i-it^ iesoenaea to ihe Eanfa toi 
a l-.-.Tit »'_S'.*.- '.: :■-> i«ur/ \'j*zl. ilat-j isM izj-far ir»- qat-;^*^ 

Mv/: : '.•:.*»■- •-•-S': :-. y : r>:-t-.-i l':-j_ T.'lriJL.*^ ■:■- liif Eenii; viukoiHof 
iw:x^'j •: tnt*. ir.^T ar^ L-.:jen>ja J2 '.lit rrp:-u of ibe aimoapiise; imtiiiB 
trjv. .e ;:.•-. a L.J. l>: ^it*. t£->.r-i-:.-.i- ii. aocjf n^Raifcrr*.. ibesc stioa 
ha\ • "-'.r.. 'T^'*^ iLroaj:: tie r:»:*fjg :: hr-Taef. ziti prored descncdve to diB 

5. J: 'A*: C::re:'jlly conip-r.e ;:.c iorcse of ^nvitT :a ibe Xoon, nv ^uS find 
fh?: fa • '-•TV wt.'rr pF.j*-:icj- frc-:. h^r 5.:n:?i -Hiib a rionH-Eium thatTTOuId 
caa^v; :: lo iii'^ve at tIi<: rat? --A r-'2O0 fee: m :L<e £r« secaad of udc^ andia 
iIm; cj-^iiOa of a i.n« j'^.nJi^ :ijr Ccnu-es o: int Eanh and Jfoon, it would 
not f;.!i ai'^ji :o th- surfai-.- If inr M :•-•::: 1 -: wouli become a saleUiie to 
the Kurt'i. Such a 11 iiupu's^ xni^iiL :niaeo. C2cse iL eren after maaf levo- 
iufioiiK. 10 frill to iikt Ehnn. Tnc iaIL ihertioib^ of zheae ffTqpca from tht 
air, 1:1 ny be acc/7unu<l fvr in this manDer. 

ti. 31r. Hone, calculates, that even a relocitT of €000 fe^ in a aeeoiid, 
wouM \h: ■u£lici<-nt V) carr}' a body projected from the sonhce of the Mooa 
beyond th«: pow»:r of her atrraction. If so. a projectile force three tiines 
greater than ihat of a cannon, would cany a body frmn the Jfocm beyond 
tlie XMiiiit of equal attraction, and c&use it to reachtbe Earthu A fiaice equal 
to thJH is often exerted by our Tolcanoes, and by sabteiraneons steam. 
Hence, ther*: is no impoEsibility in tiie supposition of their oomiBg from As 
Mo<jn. 

CCXIX. Vc8ta appears, however, like a star of ihe 
5tli or Gtli magnitude, shining with a pure steady radiance, 
and is tlie only one of the asteroids which can be dis- 
cerned hy the naked eye. 

CCXX. Juno, the ne.xt planet in order after Vesta, 
revolves around the Sun in 4 years, 4^ months, at the 
mean distance of 254,000,000 of miles, moving in her 
orbit at the rate of forty-one thousand miles an hour. Her 
tliaijj(;t(;r is estimated at 1393 miles. This would make 
hor nia^nitud(3 183 times less than the Earth's. The light 
nnd iieat wliicli she receives from the Sun is seven times 
lens than that received by the Earth. 

Thc», crcentricity of her orbit is so great, that her great- 
fiHt (11. stance from the Sun is nearly double her least dis- 
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tance ; so that, wlien she is in lier pei-iheUoji, she is 
nearer ihe Sun by 1 30,000,000 of miles, than when she 
is in her aphelion. Tiiis great eccentricity fias a corre- 
Bponding effeci upon her raie of naotion ; for being so 
much neaier, and therefore so much more powerfully 
atlr-icted by the Sun at one lime than at another, she 
moves through that half of her orbit which is nearest the 
Sun, in one half of the lime that she occupies in com- 
pleting ihe other half, 

ObaCTTation. Ai^cording lo Schmeler, ihe dkmeter of Juna ia H2G milea ; 
and aliB is sunuunileil by an almoiphBre more denso than ihat ofaiij uf ihe 
□Iher planelB. SchroeUr also niniaTka, thai the VBriation in her bnlliancf 
it rhiedy owine to oenniii changes in the denaily of hec atmaBphersi at the 
anme uine he thinks it not improbehle that these changes may aiue fiom a 
dhimat levolution nn her axis. 

CCXXI. Ceres, the next planet in order after Juno, 
revolves about the Sun in 4 years 7i months, at the mean 
distance of 263,600,000 miles, moving in her orbit at 
the rale of 41,000 miles an hour. Her diameter is 
estimated at 1 5S2 miles, which makes her magnitude 125 
limes less than the Earth's. The inlenaity of the light 
and heat wliich she receives from the Sun, is about 7i 
times less than that of those received by the Earth. 

CCXXII. Ceres shines with a ruddy colour, and ap- 
pears to be only about the size of a stai* of the 8th mag- 
nitude. Consequently she is never seen by the naked 
eye. She is surrounded by a species of cloudy or 
nebulous light, which gives her somewhat the appearance 
of a comet, forming, according to Schroeter, an atmo- 
sphere 675 miles in height. 

* OlitrTalio^^ Cerca, as has been said, was (lie first dismvered Asto- 
roii At ber dwco»ary, aalronomers congTEtulBlBd ihemselies upon the 
hanMmy of the aystem bein^ rratoreil. Tney had long wanted a planet lo 
fill up the great void between Hais andjupiter, in order lo mslte thssysiem 
complete in Uieit own eyeB; but the suciieaaive diacaTeriRa af Pallas and 
Jano again iatroducedconfusiDD, and premnted a difficulty which they were 
unable loeolve, lill Dr.OJbersBUgfieBid the idea (hat iheae amall Bnomalaus 
bodii)a were mtrely the fragments of a larger planet, which had been ex- 
ploded by some miuhiy convulaion. Among the most able and decided 
advocates orihiahypothear- ■- "- "" -- -'•=■•>;-'• — ^ 
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CCXXIII. Pallas, the next planet ia order after Ceies, 
performs ber revoiution arouna t.'je Sur. in 4 Tears, 7^ 
months, at tlie mean disiancc of 264 ,00U.<XO of miles, 
moving in her orbit at the rate of 41,000 miles an 
hour. Her diameter is estimated at 2025 miles, whicli 
is but little less than that of oar 3foon. It is a singular, 
and yery remarkable phenomenon in the solar system, 
that two planets, (Ceres and Pallas.) nearly of the same 
size, should be situated at equal distances firom the Son, 
revolve about him in the same period, and in orbits that 
intersect each other. The difference in the respective 
distances of Ceres and Pallas is less than a millioo of 
miles. The difference in their sidereal reyolatioii% ac- 
cordiiig to some astronomers, is but a single d;^ ! 

JUPITEE. 

CCXXIV. Jupiter, the largest of all the planets^ is 
situated between the orbits of the asteroids aiMl that of 
Saturn. He is stated in some of the books to be 89,000 
miles in diameter. But the estimation of 86,255 mfles 
is a closer approximation to the truth as this is his mean 
diameter which is 11 times greater than that of the Earth 
and his volume is 1,300 times greater. Distance from 
the Sun in round numbers 490,000,000 of miles, bat his 
exact mean distance is 495,533,837 miles. His distance 
from the Earth is 395,000,000 of miles. He revolves on 
his axis in 9 hours 55 minutes and 50 seconds, which 
gives the inhabitants of its equatorial region a motion by 
exact calculation of 26,554 miles an hour which is 25 
times faster than the motion of our equatorial inhabitants. 

CCXX V. Jupiter is the brightest of the planets except 
Venus. Though his distance from the Sun is so much 
greater that the light and heat received from him is cal- 
culated to be about 25 limes less than that received by 
us. 
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CCXXVL This planet »vhcn viewed tliioiigh a lel- 
esco}>c aajiears surmundod i>y a tiuiiibei' of beJu oi zones 
nrliich clianaie in their number and in iheir appearance 
Tcry considerably. These bells are parallel lo each other 
as well as parallel lo the equator of llie planet, and 
they are most generally regarded by aBtronomera as lu- 
minous clouds, and some suppose ihe peculiar shape lo 
result from the rapid revolution of the planet upon his 
axis. 

Fig. 27. 




CCXXVII. The variation of Jupiter's belts is quite 
remarkable. At one lime seven or eight are distinctly 
seen ; at another, the number is reduced to two or three. 
The most common appearance is that represented in fig. 
■ 27, where some are seen finite regular and extending 
across the disk, ivhile others are broken and interriiptpd. 
Dr. Herschel once saw the whole disk covered With fine 
pmailel and aodulating lines as seen in fig. 28 the right 
hand figure, but noon exhibited the broken appearance 
seen in the left hand figure. 

CCXXVIII. With regard to ihc cause of the belts we 
can only say that our positive informalion on the subject 
is extremely small, opinions being raiiier the result ol 
theory Ihan evidence. 

" "'""'""'""' ciini'uriupl 




CCXXIX. Jni«ler is atlcnrfeil by four satellites or 
litOMtn whith r«v»lvo nnxiiul liim as our moon doea around 
tlw Karlh. 'Hw iuiuiIht of the iii(.k)iis and the frequency 
of their ravtiliilioiis cmtsi' some one or more to be visible 
t>n lli*» fiHffai-i^ of till' iiUnt'l fvory hour of the niglit. 
'riw iirjil i» nituixtt'd nearest to iliu priniaiy being 259,000 
miles from bis ci-iHre, and abonl 214,000 miles from hi* 
ttnrf'iro. niid revolves about it in 42J hours appearing four 
tinn>!( InrijiT ihau our moon ^oes to us, The second is 
ainalli-r tiiul fiiriher oil" npju'imnfi of llie size of our moon. 
Tlit> lliird is still less in siv.c and nt a ^ater distance ; 
the funilh is til llii? j;ri>;Uesuh»taiice of all, being 1,164,000 
miles frmn ilio )>riinnry around which it revolves in 16 
days and throe fourths, and apj.ie.irs at the surface of Ju- 

5 iter hut a little more lliaii lialf as targe as our moon 
(H-M III lis. 
('('XXX, These sntellilos are frequently eclipsed by 
passiiiif into tho shadow of their primary in the same 
manner iis our moon is eclipsed by passing through the 
shadow of the Karili. The llirec first or nearest are 
eclipsed during ench revolulion, while the fourth is ecli;>sed 
only four times in every six revolutions of the satellite 
about its i>riinary. 



CGXXXI, By means of these eclipses astronomers 
hay.e ascertained llie iongiluda of places on ihe Earih, and 
»lhe -velocily of light. 

' GCXXXU. 'I'he velocity of ligtit was ascertained in 
'th^'fyilowing manner, it was first observed by Rocmcr 
ihaS when the Cfirlli is in Uial part of her orbit nearest to 
^Jiifiter the eclipse of its nearest satellite occurs 8 min- 
utes and !3 seconds sooner than it ought according to 
-calculation ; again, when the earth is in tiiat part of her 
tirbit farthest from Jnpilcr the eclipse of the same satel- 
lite occurred 8 minutes and 13 seconds later than the cal- 
culated lime. 'I'he total difference between apparent and 
calculated time is Iti minutes and 26 seconds, and the 
only circumstance that could atfect the observations in 
i'ellher case is iho different distance of the Earth from the 
ecHpse; which difference is equal lo the diameter of the 
Eanb's orliit t,r about 190,000,000 of miles ; and this dif- 
ference could not he accounted for on any other principle 
than by supposing that litfht was 16 minutes and i;} 
secoi.ds in crossing the Earth's orbit and B minutes 6^ 
seconds in proceeding from the Sun to the Eailh, a dis- 
tance of 95,000,000 of miles. This motion is at the rate 
of 12,000,000 of miles per minute, and about 200,000 
miles per secoi'd 

SATDRN. 

CCXXXIII. The planet Satum is situated between 
the orbit of Jupiter and Ilerschel, and revolves around 
the Sun, at the distance of a little more than 900,000,000 
of mile?, in about 30 terrestrial years, and his diameter is 
79 or 80,000 miles, making his bulk, from 900 lo 1,000 
times greater than that of tTie Earth. 

CCXXXIV. The period of Saturn's revolution on his 
axis, which measures his day, is little more than 10 hours, 

CC«XXt. OfvlnlnM in Iheie cdlpMi rn utronornpi 



25,150 of hU days constitute bia yeat. Fimn m pt 
distance from the Sun, it appears like a fixed star, &an 
wbirh it may be disiinguisbed by its pale feeble td 
steady ligKi, and by calculation receives 90 times lea 
heat and liglit llian does ihe Earth, but even that amoucl 
of light, is calculated to be equal to 3,000 of our (oil 
moons, and besides, this planet is supplied with seTcn 
moons which revolve around him in periods yajyingixom 
I to 79 of our days ; and at distances varying irom "" 
000 to 2,000,000 of miles from their primary. 

CCXXXV. The telescopic appearance of Saturn ii 
extremely beautiful ; he is distinguished from, all tbe oth- 
er pianels by his great zone or ring, like an immeDsely 
expanded and luminous rainbow, which smroimds him 
with a perpetual light, more brilliant than that of the plan- 
et itself, a representation of which is given in fig. 29. 
Fig. 29. 




CCXXXVI, This ring is double or composed of two 
luminous circles, one within the other with a dark space 
of 2,800 mites intervening ; the distance from the primary 
to his inner ring is between 20 and 30,000 miles. 

CCXXXVIJ. The circumference of the outer ring il 
said to be 640,000 miles, and lis breadth from the exter- 
nal to the internal portion between 7 and 8,000. These 
rings rotate arouna the planet in lOJ hours. 
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-CCXXXVIII, Tlie most obyious use of Salum's rings 
_j to supply that planet with light leflecled from tlieir aur- 
£acea to make up tlie deficiency of direct light from the Sun. 
The Sun iliumiiiates one side of llie ring for 15 of our 
'ears, and the opposite aide in the next 15 years, in con- 
equence of the inclination of the rings to the plane of the 
IBcliptic which is about 31 degrees. 

' CCXXXIX. Not only the rings but also the planet has 
one of Ilia sides illuminated during 15 of our years, (which 
is one half of Saturn's year,) and the opposite side during 
the next 15 years. Thus, his poles like those of our own 
iplanei, will be alternately light and dark, but for 15 years 
instead of half a year. 

lilaslralion. The Woodcut Gg. 30, esliibtUaview of SaUiin and hiadaubla 

ling in which ihe latter ii represenlsd with ita ai^ lowardl the epeclalar. 

' He sees ihe illuminated planet within them, the dork Epaca between it, and 

the inner ring uid without this, iha narrow dark space belvreen the inner 
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CCXL. Herachel is the most distant plai 
Sun, 



I CNie Ihs llhirintion bf 
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CCXLI. Herachel completes his' annnal rerolntioa 
around ihe Stin in 84 years and 1 month of our time ; and 
moves in his orbit at Ihc rate of a hltle more than 15,000 
miles per hour. Hie diameter is between 34 and 35,000 
jniles, and his bulk 80 times greater than that of the 
Earth. To a spectator on this planet, the Sun would ip- 

Ecnr more (hnn 360 times less than he does to us, and ue 
ght and heat received would, of course, be in the sauM 
Kroportion. The strength of this light has been djfiereol- 
j calculated ; while one has estimated it equal to 8O0 
of our full moons another estimates it at only 348. 
Pig- 31. 




;7J''"™""»™"'.ll«hiMdli«itt OCTUlWIiK 



^n 



CCXiilJ. Kerscliel has six satellites constantly revolv- 
• lilg around hiin as their primary in differeDt limes and at 
ditfereut distances. Four of them were discovered by 
itt, Heracliel, and two by his sister, Mias Caroline Her- 
■ schcl. Others may yet be discovered. 

r lUuWrotHm. P%. 31, is given to rcpreaEnl Ilia rBladveposidonDrtlieplBii- 
ets in iheir Dibits, (eicepl ihe naieroida.) end Iheir compatotive dzs ana dis- 
taiioeB from ihe Sun, with ilis orhil of a cornel approaching ihe Sun. I'hn 
orbilB of iJic planela are marked by Iha respeclivo ^igna of taich. Hercurr 
ia ttienGaicBi, Venus iicil, Ihu Earth the third, Mars Ihe fourth, Jupilerfifih, 
Sstum sixth, and Heischel sevenlh. The asletoids are situRttd belweeii 
tbe Orbits of Mars and Jupiler. 
Fig. 32 IS givtia to show the comparalive eiiea of iha planets. 
Fie. 32. 




OP COMETS. 

CCXLIII. Comets are solid, opaqne, planetary bodies, 
revolving about the Sun in elliptical orbits of immense 
circumference. 

CCXLIV. The motions of the comets are very com 

filicated; tlieir oibila, instead of being nearly circular, 
ike those of the planets, are remarkably long and eccen- 
tric. Some of the comets approach much nearer to the 
Sun than the nearest planet— so much so, as to be hid in 
the solar rays; again, they recede to so great a distance 
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from that luminary as to be carried far beyond the boundl 
of the planetar)' system, where they beconoie wholly in 
visible, and seem entirely lost from the system. Auer i 
lapse of ages, they arc sometimes again observed in tbf 
planetar\' regions. 

CCXLV. The comets appear in different parts of the 
heavens and move in various directions. Thev differ, as 
the stars do, in magnitude and brightness ; and they an 
principally distinguished from the planets by a luminous 
train or blazo, called a tail ; or by some hairy or nebu 
lous a]'pcarancc ; and by their always disappearing aftei 
havinii been visible during a short time only. 

CCXLVI. A comet, at a given distance from the 
Earth, shines brighter when it is on the same side of the 
Eartii with the Sun, than when it is on the opposite side, 
from w iiich it appears that the brightness of a comet de 
pcnds upon the influence of the Sun. 

CCXLVII. Though the comets have in all ages, at 
tracted much attention by their appearance in the heavens, 
and have been regarded as objects of terror and supersti. 
tion ; still they are comparatively but little known, scarcely 
any thing of importance having been ascertained respect- 
ing them until tne revival of learning and science, in the 
sixteenth century, when particular attention began to be 
paid to Astronomy. We are as yet totally ignorant of the 
number and of the uses of the comets in the solar system, 
or in the fabric of the world, if indeed they have any use 
whatever. Nor is it to be expected that their number 
will soon be ascertained, as some of them are whole 
centuries before they make their reappearance. The 
number of comets that have been seen, and are recorded, 
appears to be very considerable. Ricciolus, an Italian 
astronomer and mathematician, makes mention in his 
writings, of about 154, which had appeared previous to 
tho year 1051 ; but Lubionielz reckons 415 until the year 

<*il\\y. How iM n roiiifi il«-i«crili«»il 1 C('XFA'I. Prom what rfrciimArancp is it 
•jTfrrrwJ UmI ihe briyhirifHri of a coin«t (Ir'ptiHiti upon the influence of tbe Sunt 
^XJXLVn. What is hitherto known respecting the number and uses of the eomctsf 



^665. The Chinese astronomical books record the ap- 
iHarance of 200 or 300 comets. 

CCXLVIIJ. Of all the cornets which are supposed to 
exist, though lately discovered to be much more numerous 
tiian has formerly been supposed, the periods of only 
fmi.T or five have been ascertained with any degree of 
certaioty ; though the elements of more than 100 have 
been calculated. 

CCXLIX. The first comet whose period of revolution 
has been determined with certamty, is that of the year 
1682, which had been already observed in 1607, by Kep- 
ler and Longomonianus, and in 1534, by Peter Apian, 
and which reappeared in 1759, according to the predic- 
tion of Dr. Hallcy. The period of this comet is about 76 
years. Another comet that appeared in the year 1264 
IB supposed to be the same with that which appeared in 
1556 ; if so, its periodic time is about 393 years, and con- 
■equently it may be expected to return in 1848. 

The appearance of one comet has been several limes 
recorded in history. This is the celebrated comet of the 
year 1680, which, from the accounts of various authors, 
and from the circumstances which attended its apparition, 
seems to be the same with that wiiich appeared in the 
year 44 B. C, or at the time of Julius Cesar, and in the 
years 531 and 1106 of the Christian era; al3oin619and 
2340 before the birth of Christ. As there is an intervd 
of 575 years between all these periods except the last. 
Dr. Halley was therefore led to consider the comet of 
1680 aa the one that had appeared at the limes above- 
mentioned, that i*s period is about 575 years, and that it 
will not again make its appearance unlil the year 2254. 
This comet, when nearest to the Sun in 1680, was only 
one sixth part of the solar diameter distant from the sur- 
&ce of the Sun ; and when farthest, its distance exceeds 
138 times the distance of the Sun from the Earth ; and 



according to Dr. Hallcy. it is 22,418 times farther frna 
the Stilt, when in its aplielioD, than in its perihelion, itf 
grtfftieat dintaiicc Iroiii llic Sun being not lesc tbvi 
IS.000,000,000 of niilos. According to Newion, tin 
velocity of tliis i-omcl, wlion In the part of its orbit whicli 
is nearest lo tbo Sun, ia at Uie rate of 860,000 miles an 
hour : but according lu Squire, it is not leas tlian 1,240^ 
OlXi uiilca an hour ; and Newton calculated, that ivhile in 
tl)is pnrt of its orbit, it was exposed to a degree of heat 
8000 times greater than that of red-hot iron. 

CCL. The periodic returns of three other comets are 
■upposod lo be ascertained. One of these has a period 
of about 20 yeara i another, known as Encke's comet, 
revolves round ilie Sun once in about 1304 days, and the 
tliird, generally designated the Comet of Biela, has a 
pe/iodic time libout double tlial of Encke's comct- 

CCLI. The tails of comets are sometimes of a mod 
prodigious length ; that of the comet of 1 6S0, which 8ub« 
tended at Paris an ongte of 62°, and at Consiantioople 
one of 90°, wns at least 100,000,000 of miles in lengthy 
Various opinions have been entertained by different pht^ 
losophers respecting the cause of these extraordinarj^ 
appendages, called tails. Some have conjectured th^ 
tail of n cornel to be smolte rising from the body of iliei 
cornel, ill a line opposite to ilie Sun. Others regard ibe^ ' 
as being composed of vapours elevated to a considerably i 
height By the violence ot the heal to which ihey are mj". 
posed in their near approaches to the Sun. Dr. HauiilioiU 
considers the tails of comets, the aurora borealis, and thfli 
electric fluid, lo be matter of the same kind. Sir Richaiqn 
Philips published in the Monthly Magi-zine the OfunioHur 
that this wonderful appendage of comets, is occasioned hjf 
the refraction, and consei^uem condensation of the Sun'%> 
light ihrouffh the dense aiinosphcre of the comet ; — hencq^ 
the tail is always in an exact sirniglit line opposite to thfti 
Sun ; and hence, on the principle of a convex lens, iha 




nZBD ITARa AND OONSTBUATIOIIS. tt5 

tnl lengthens as it approaches the Sun, and shortens as it 
departs. 

JBufroffan. Hie fi>Uowuu ii th« ippBuuic* of a eomet whM) ia ^ 
— ■-^'- — *---j ctf Uie Son tJia vislile to nt, 
Kg. 33. 




or THE FIXES STABS. 

CCLII. Those luminous points, or shining bodies, 
which always appear in the heavens at the same distance 
from each other, are called Fixed Stars ; because they 
do not appear to have any proper motion of their own. 

Ott^taiiim 1. The fixed Blani ere lummanH bodies. Because they ap- 
pear SB points of smsll mBenittid^ when viewed through a telescope, thsf 
mun be al such immense dialancee as to be invisible to the naked efe If 
ltw|f borrowed iheir light', ss is the case with reaped lo the sstelhtes of 
junta' and Sstum, sltbouch they appear of very disiingnishablB magoi- 
Oide through a leleecope. Bf sides, from the weakness of reflected light, 
than can be no doubt that Ihe Hied stars shine with theli own light tley 
•IB easily known from the planets, by their twinkling. 

2. The number of stari, visible si any one time to the naked eyt^ is about 
lODO; but Dr. Herschel, by his skilful and masnificent improvemenle of ih" 
ToflectiDg telescope, has discoveral that the whole number is great beyai 



[nitudes of the fixed stars appear to be difierent from each 



■11 emicraitiDa— The comparative briclitness of the stars is, Sirius l.OC^ Ca- 
niwiu .98, Centauri .96, Acherni .94, it*. 
3. The magnitudes of the fijted stars a,, — 

odieT, which diffeteuce may arise ather from a diversity in their real magni- 
" leea; orftora both these causes actmeconjointlv. The dif- 
ipparent magnitude of the stars ia such as to sdtnit of their 
uKUB ui>iucuinto BIX classes, the largest being called itars of the Jint 
maniiude, and the least, which are visible to the naked eye, stare of the 
tixth magnitude. Stars only viable by the help of glasses, ore called 
TetefcopU Stars. Dr. Halley very justly remarks, that Ihe stars must be 
nlinite in numher to maintain then' equilibrium m space. And Dr. Herschel 



eaOadl Row <■ It pmred thai the 9ied 
munber oT nm vlalble at snr one Ume ii 
tlncBlsbecl wUb renrd la their Kipuenl 
^tilaeum Mara wUeh are vUbla oalj 



ASTmOMOMT. 

Ihinkt h« hi! hmii tttn 42,000 times as &r off as Sirius. In one mstanei 

• rluptrt* of diOOO Stan, in a mass, was barely visible in the 40 fM 
and i^)ii«>qiirntly must have U'cn eleven trillions of miles off! 

4. TV) thr biirv oyr, the stars apixikr of some sensible magnitude, _^ 
Hie fH"*^ <^f liffht ansmff fVom the numberless reflections of the mff ii 
otmung to the vyv ; thin Tvtuh \\n to imagine that stars are much lugertfMi 
thry would nnprar if wr saw them only by the few rays which come d* 
ivctly ftom tiirin, bo as to enter the eye without being intermixed wA 
othri». K\amine • find ataf of the first mumiliide through a lone ui 
namiw tulK>. whidi, thoivrh it take* in as mM of the sky as would hoU 

• thouvand 9\ich start, aoiroely renders that one viflhle. 

ft. 'l1ii>ro mvms bat Ittla immni to expect that the real magnitndea of tb 
Aind muni will rv«r be diaoovend witih oertvnty, we must, therefoie^ bt 
contrntnl with an approximation, deduced from theirPMallnx, if this shookl 
eviT W Msii^'rtainod, and the quantity of light they affi>rd us compared with 
that of tho Sun. To thia purpoae^ Dr. Ilerscbal informs ua, that, with a 
magnifyuig pov^vr of 6480; and by meana of his new nucrometer> tie Ibood 
thr appanMit dm meter of a Lyr«, to be 0".338^ or tlie third of a second. 

C\. \ ho iiittiMiious obsenrationa of Kepler upon the magnitudes and distui- 
ei«« of tho tlxtxl iitars, iloservi^ to be introduced here, ana the more so ss he 
ha* Ihvu fono¥k*Ai m the coigeoturc by the great Dr. Halley. He obsoves 
that then* tmn be only 13 pomts upon the surfiice of a sphere as far distant 
(torn earh oilier as fh>m tno centre; and supposing the nearest fixed stars 
10 be as far fVom («eh other as from the Sun, he concludes there can be 
only 13 stars of the tlrst magnitudo. Hence, at twice that distance fitm 
the Sun, there may l>e placed four times as many, or 52; at three times that 
d|stnm>nt nine tinuw as many, or 117; and so on. These nnmbers will 
give |)n«iiy nearly the nunilHT of stars of the first, second, third, dkc. msg> 
nituden.* l>r. Halley farther remarks, that if the number of stars bs 
finiti«. and otvupv only a part of spaoc^ the outward stars would be con- 
tinual ly attriietf^ to those within, and m time would unite into one. Bat 
if the numbt^r is infinite, and they occupy an infinite roace, all the paiti 
would bo nctirly in equilibrio, and, consequently, each fixed star Deiq| 
drawn in opposite directiona would keep its place or move on till it hn 
fMind an oquilihrium. 

CC/Iiirr. Tlie ancients, that they might the better dis- 
tinguish the stars with regard to their situation in the 
heavens, divided tlieni into several constellations, that is» 
masses or clusters of stars, each mass consisting of such 
M are near to each other. And to distinguish these groups 
or systems from each other, they gave them the names 
of such men or things as they fancied the space they took 
up in the heavens represented. To these, several new 

coQitellatious have been added by modem astronomers. 

— — 1 1 1 1 I I — — 

• This stateuMot appears to be erroneoaa, fbr, ia this case, the whoM number of 
■Mrs visible to the naked eye flnom all aides of the Sarth, would not much eieee4 
IKi. (ht) tinni of the above numbers. 

What is said of the disuncq and number of the fixed stars 1 What reason have 
2i to soppose that iha aamber of stars is Infinite 1 COLm. WhatisacoosM^ 



FIXED STABS AMD COKSTfiLLATIONS. S6T 

ObtenoHan h The ideal delineations of those flgmes of animals and 
mbet objects, ifvluch include the eonaUUaiUma or of^emnu^ are dispersed 

eOYer the heavens, and a particular situation is assigned to each, as may 
se^ upon a common celestial ^be^ or upon a planisphere or map of the 
heavens ; ]ret some spaces in the neavens remain^ here and there, which, 
according to the ancient distribution of the stars, were out of the bounds 
of Uie contiguous constellations. The stars which were included in those 
ffpaces were called Unformtd Sians but. as represented on the modem 
celestial globes, the constellations are made to comprehend all the unformed 
or extra-consteDated stars. 

Z Besides the names of the constellations^ the ancient Greeks gaye par- 
ticdar names to some sin^B^ stam^ or small collections of stars. Thus, the 
chister of small stars in the neck of Taurus, the Bull, was called the 
TldadeB; five stars in the Bull's Faoe^ the E^adea; a bngfat star in the 
Breast of Leo, the lAott^a ffeart, or Cor LeonUg and a large star between 
the Knees of Bootes, ArctunUf &c Several of the brightest fixed stars 
have also particular namea^ as Sirius, Alddmran, Begulus, Castor, Procyon, 
Aloth, &c 

3. As it would be an endless task to give a proper name to each atar, 
astronomers, in order that the memory may not be burdened with, a mnlr 
tiplicity of names, dmominate the stars of each constellation by means of 
the letters of the Greek alphabet, which are applied to them according to 

eeir spparent relative size. The principal or brightest star in the oonstel- 
tion IS designated by « Alpha i the next in brightness, by Beta; the 
third, by y Uammai and so on. When the number of stars in a oonstal- 
latio^ exceeds the letters in the Greek alphabet, the letters of the Roman 
alphabet, a, b, c, d, &c., are applied to the remaining stars in the same man- 
ner: and when these are not sufficient, the numb^ 1, 2, 3, 4 5, &c., are 
used to designate the rest in the same regular succession ; so that by these 
means, the stars may be readily known and spoken of with as much ease 
as if each had a separate name.* 

4. The celestial sphere is usually divided into three portions, the xodiae, 
and the runilum and aouOumhtmUpherca, or more properly the two reffions 
to the north and south of the zodiac. Astronomers have accordingly di- 
vided iJOB constellations into three dasses, called the ntnihem, the aouiMm^ 
and the xodaieaL , The number of northern consteUations is 37, of the 
southern 47, and of the zodaical 12; making 96 in the whole. The andent 
astronomers reckoned only 48 consteUations — 12 in the zodiac, 21 to the 
north, and 15 to the south. Modem astronomers, however, by curtailing 
several of the ancient constellations of some of their stars, which they 
distributed into new constellations, and by arran£png into conatellations the 
nnformed star% or those which were between me ancient constellation^ 
have increased tl^ir number to 96, as above stated. 

llie term amdiac is derived from a GredL word sifi;nifying an animal, ba- 
ctuse most of the constellations in that zone, which are twelve in numbeTi 

* The method 9lt designating the stars in each constellation by the Greek and S#- 
oan alphabets, was the mvention of John Bayer, a German lawyer and astronomer, 
who introduced it into his Uranometria^ or charts of the constellations first pub- 

Ked fai 1608, in ibBo. But in our opinion, why not avoid all this perplexity and coa- 
on of Greek, Roman, and numerical characters^ by adopting at once the numerical 
ehancterst 

What is the ose of distributing the fixed stars into constellations 1 What is meant 
by unrormed stars 1 Are all the stars inclnded in the several consteHadons 1 How 
are the several stars in each consteUadon distingoishedl How have astronomers 
sontrivedto be oadentood, when apeaking of say partleukur star in a eoosteUationl 



MS OTIONOIfT. 

•r» NftivMUiod bjr ^y» outlinM of the figures of •titiwi« j m , 
Mmiiii i\iNPW«i th«Hull| &fmin<, the Twins ; Cafieer, the Cnb; 
l«K»it 1 I'irifts tho Virgin ; /«i6r«i, the Balance ; Scorpio, ihe S 
S*^^htr*tt*^ ih(i An*hrri ( u;»ricitfmtiJ^ the Goat; AguariuM, ihe 
Kmivi i «iut IHjivit, iho Kmlir*. 

(k 'tikt hiiuiiuni* i«ri of tlk« hravpna, called the Milky- Way, 
l^^t^\ »t«i« iiHt »iiiiiU tti l)«« ncvn by the naked eye. In a paper on ihcai> 
aiiut'iioii* ot ih<« hcaxrnm Or. Herachel tays: *4t is xery probaUe^ te 
lh«* Miv«i »iniiuin iNiUnl tho Milky- Way, is that in which toe Son ■ piadt 
llitk^^h |H>ih«pii not in tlio ivntro of ita thickness, but not ftr fioB Ai 
yhkiv ^\\c\v »%>\\\t^ »iuaUor stratum brandies from it. Sodi m 
\ikUl MiuMi'iorily. ami with gitrnt simplicity account for all ilie . 
«»l Ihr MilKv Wsy. «i hich, a(vt>rding to this hypothesis, is no otfaer 
lh«t spi^raisniv oi tbi« nrojortion of tho stars contained in this 
aiul ii» •r«sMuUiy bmnoh.' 

tl In suoibor p«i»rr on l\w Mnio subiect, ho says : — "We will now : 
h» our ovi w fvutrd mation in ono of the planets attending m star in ^ 
gtrai ivmlMuahon wiih niunltt^rlotis others} and in order to inrest^pu 
wbMi will W \W» apiHtiTanivii tVoni this contracted situation, let lis bm 
with ib«> nakcHl rvo. 'V\w mar* of tho flrst magnitude, bein^ in all prob- 
ability, ilto n»«if»i. will t\irni»h us with a step to begin our scale; Kt- 
iin^ of); ibrrviorts ^ iili tho ilivtam'o of Sirius or Arcturus, for instance^ » 
HiuiVi wo will «i proiK'iit iiii|i|Ht!i<\ that those of the second magnitDde m 
at do\ibli\ ami ilu^* oi' iho thirtl at trt*ble the distance, and so forth. Ti- 
kinn \\ ilton iitr uranttxl. that a »iar of tho sovonth magnitude is about sera 
tmir« an lar iY^mu uh a» ono of tho first, ii follows that an obserrer, who is 
tonoUvst^l in a nlobitUr oluntor of stnrs, and not far from the centre, will 
no\ri U' «bh\ with tho nak«xl oyo» to »oo tho end of it; for since, acoordiiig 
t«) iho alH»\o otfuniationm ho i^ii only extend his view about seven times the 
diKtaiuv ol Smus. it on n not bo ox|Hvlod that his eyes should reach the hot- 
dom ot a oIii!«Iit, which hasi )HTlmps« not U*ss than fifty stars in depth every 
whoR« annimi hini. 'llio whole universe, therefore, to him, will be com- 
pn^e^{ w a sol of ivnstollationm riohly ornamented with scattered stars of 
all M»os. l>r. if the uniiod bright noes of a ntnghbouring duster of stars 
ahoulil. in a r«*nmrk«bly olonr night* ivaoh his sight, it will put on the sp- 
poaianoo of a nmnU. fnini, nobulous cloud, not to oe p er cei ve d without the 
greatest attention. Allowing him the use of a common td^cope, he begins 
to sumiHVt, thnt all tho milkiiiessof the bright path which surroimds the 
apheiv may U^ owing to stars. By inereasiuff his power of visiott, he be- 
come ciTtaiai that tlio Milky->Vay is« indeed, no other than a coIlectk>n of 
irery small stars, and tho noKulv nothing but dusters of stars." 

7. Dr. llenk'iiol then solvi«s a pi^neral problem for computing the length 
of tho visunl rny :— thnt of tho toU^n>|k^^ which he used, will reach to stsrs 
497 times ijie distaiuvof Sirius. Now Sinus cannot be nearer than 100;OOOX 
190.000.000 miles, therefore, L>r. Herschers telescope will at last reach to 
100,000 X i9a00a000 X 497 miles.* And Dr. Herschel says, that in the 
most crowdtxl |>art of the M ilk y- way he has had fields of view that con- 
tained no less than 688 stars, and these were continued for many minutei^ 
•o that in a quarter of an hour, he has seen 116,000 stars pass tmrougfa the 
field-view of a telescope of only 15' aperture; and at another time^ in 41 
minutea, he saw 25B,0(K) stars pass through the field of his tdesoope. Every 
.^ 9 — 

* Thla part of the obaeivatii)0 seems to be quite exceptiooable. and ineonsiiCeBt 
Vkh Dr. Ileraehel'B own observations elsewhere on the same subject 

— 

What is tt that iHroduces ths Imnlnous appearance caUsd thsmilky*way Y 
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^prorement in his telescope has discoYered stars not seen before^ so that 
there ^pear no bounds to their number, or to the extent of the universe. ^ 

8. There are spots in the heavens, called NebitUe, some of which consist 
of clusters of telescopic stars; others appear as luminous spots of different 
forms. The most considerable one is that which is about midway between 
thB two stars on the Blade of Orion's Sword, marked by Bayer, and dis- 
covered in the year 1656 by Huygens. It consists only of 7 stars ; and the 
other part is a bright spot upon a dark eronncL and appears like an opening 
into brighter regions beyond. Dr. Halfev and others have disoovered nebu- 
le in dmferent parts of tne heavens. In the QmnoiaanM de8 T^empt, for 17B3 
and 1784, thers is given a catalogue of 103 nebnle obssrved by Le Moss i or 
and M. Mechalii. But to Pr. Herschel we are indebted for catalogoet of 
2000 nebula and clusters of stars, whicfa he himself had disoovered. Some 
of them form a ronnd compact system ; others are moreinsgular, of varioiis 
forms ; and Bomo are long and narrow. The appearance of famiinoDs 
qsaoes hi the betTens^ Sir ffichard Philips denies to arise from li^t vtrtt; 
but ascribes the luminosity of all such qmces to the multitude of juanflte) 
■steroids^ satellitaa, aud cometary bodies, with which those qwoes are fiUejd. 

9. .New stars sometimes appear, while others disappear. Several stars^ 
mentioaed by the ancient astronomers, are not to be mund; sevenl are now 
visible to the naked eye, which are not mentioned in the ancient ca t al o gues; 
and some stars have suddenly appeared, and again afler aconaiderabiB in* 
tervali vanished ; also a change of place has been observed in Kmie stars. 

10. From an attentive ezaaiaation of the stars with good tdeaeopes, mai^y 
which 8|^)ear only single to the naked eye, are found to consist of numerous 
stars, m HercuUa^ is a doubly star, so is « BooUa ; and Dr. Herschel, by his 
highly improved telescopes, has found about 700. 

From a series of observations on double stars. Dr. Herschel has found 
that a great many of them have changed their situations with regard to each 
other; that the one performs a revolution round the other; and that the 
motion of some is direct, while that of others is retrograde. He has ob- 
served that there is a change in more than 50 of the double stars, either in 
the distance of the two stars, or in the angle made by a line joining them 
with the duection of th^ daily motion. 

Dr. Herschel has observed that the smaller of this two stars compoang 
GMtor, has a rsvolutioD of 3421 years ronnd the other; the double star y 
Leonis has a period of 1200 years; < Bootes^ of 1681 years; I Serpentiacff 
375 yiMS; y viiginis, of 708 years, and so cdT die test r— bat the nib of om 
muL it evidently too short to attain correet resnltiB^ in r^gud to periods as 
dhpropoHioDate to his narrow space of emstenoe. 

IL Thive motions of the stars among themselves being ^ipaniit to dbp 
s MTt giiuu , the doelfine of Dr. Herschel and other astronomers is nodsisd 
pjdjiht^ tiiat tiia Son has a motion or oibit of its own amoD|^ die fissd 
anrof the lllffl£y<-Way, at the rate of the Earth's motion, canrymg withil 
aff the planets^ ^st as the idanets themselves^ carry with them tfisir ato- 
taaaa or satellitas hi their own oibits. The rotation of the Sun on Ita n^ 
dined axis, acoordmg to the theory of Sir Richard Philip seems to hidicata 
tho action of a centnfiigal force in the Sun^ and to render the notion, that 
iIm whole solar system is analogous to a pnmary and ita satsUits% eioead- 
ingly probable. 

What axe thoae tpota called nebuln, which are seen in diflbrent parts of iSbm 
heavenal What ia said concemiDg the appearance of newataral What is said 
ccsteemiiw double start, theix revoloUona round each other, and their proper motioas 
la generan What inference is drawn from the proper motions of the flied stsn * 

23* 
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The following figuTe reprsBenu a cohfbused cldstbb d: 
tre pail ff long, 2" broad :— 
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U ih« tkfi&ct » at « gwia- dtaaee torn ctriwr itfiMi ihi 
the base, uie uifie at oae of r*ie fiatioaa haEHg 9(P, the aofii 
■1 the 9tbm wiil be more tnaa 99^ a?* sr'.9. loe a&RDoe of which anpi 
aad 90' being acarod j more thaa 2 , is too amali to beoome ainniiin by 



CCLVI. If the parallax of an object, obserred with an 
instnimeDt sufficienily exact to measure an angle of 2", be 
insenjible, the distance of the object from either station 
cannot be less than 400,000 times the base, yet it maybe 
greater in assignable ratio. 

ObtervmHan. Linea drawn from any given points in a basa^ to aa otiac^ 
nsf be esteemed in practice. paralltrL without anr aezuible eiror, if tht ^ 
tance of the object be more than 100.000 times t^ base. Rair% thenfcn^ 
direrEing from any point in the Sun's disk upon the Mu&oe <m the fi^udu 
may be esteemed paialM, if their distance from each other does not exceed 
•boat 970 miles at the Earth's surfiKe ; because 970 ia to the diafancs of dM 
Earth from the Smi in a proportion of 1 to lUO^OOQl 

CCLVII. The fixed stars have no sensible annual 
parallax, because when the place of an^ star is obsenred 
Dv the best instruments, from opposite points of the 
Earth's orbit, its apparent place in the heavens remains 
the same ; which could not be the case, if the angle of its 
parallax were so much as two seconds. 

Obttrtatum 1. Hanoe it appears that die fixed atara are ao remote, that 
a diameter of the Earth's oibit bears no sensible proportion to their (hstanoe: 
or that a diameter of the Earth's orint, if ▼iewea from one of the fixed start 
would appear as a point. 

2. The distance of a star mnst be greater than 100,000 times the base^ from 
the extremities of which it is observed ; that is, greater than lOdOOO tiines 
ths diameter of the orbit of the Earth, or greater than 10Q,OOOX190iOOd;000^ 
which is nineteen billions of miles as tne Imst possible distance of the neaieit 
fixed star. 

8. The parallax of a fixed star, being not more than Z\ the Stm^wfaea 

viewed from that star, would appear mider an angle less than j - ,,,,^ or 
^ -fi—* -« 200,000* 

lass than — -» and, therefiDre, coold not be distinguished firoin a point. 

4, Sin#e bodieft eqaal in magnitnde and splendour to the San, being plaesd 
at the dittanoe of the fixed stars, would appear to us as the fixed stars now 
de( H ihay be supposed probable, that the fixed stars are bodies similar to 
ths Sua, which it the centre to the solar system. This being the case, the 
Mson will appear, why a fixed star, when viewed through a telescope mag- 
nifying 200 times, appears no other than a point. For the apparent diame- 
ter of we atar being less one hundredth pan of a second, when magnified 201 
uBMfi will subtenu an angle less than 2", at the eye of the spectator oh* 
MTing it in the telescope. 



PCt|,VI|, Why have not the stars vnj sensible pan&llax7 



EXPLANATION OF TERlftS. 



An. An eUstle fluid. The atmospbere which ■ORomids the ewth. See pneimwHea 

knt PoifP. An instroment by which vessels may be erhansted of sir. 

AmruDM. The height in degrees of the son, or any haaTe&ly bodj above ttie 

horizon. 
Akuji op iMCiDsifOB. See Optics, page 116. 
Amols op RsFLBcnoN. See opti^ page 116. 
Amolb op Vision, or yisoal angle. The space contained between Itaiee dnnm tnm 

the extreme parts of any object, and meetkig in the eye. 
Amtabctio Cikclb. See page 20Gr 

Aprbuon. That part of tne orbit of a planet which is ftrthest firom the nm. , 
Apoodb. That point in wiiiph tlie son or moon is ftrtl&est from the eeith. 
Abbjl The sor&ce forming the boondary of any flgore. 
Anns. One of the 12 Signs of the Zodiac. 

Aan^oms. (Like stars.) The name of the pleoeli^ Oeres^ Jono^ Fdhi^ end VeMi. 
AsTRtfNOMT. See page 18S. 
AmospBBKB. See nieomaties. 
ATTBAonoH. See page 12. 
ArnLicnoN op Cohbsioh. See page 14. 
ArxsAonoN op GaAviTATiojtr. Bee page IS. 
Axis op thb Earth, or op ant op thb pujnn. An imacinaxy line pawhn fluoq^ 

their centres, aoa terminating at their polea ; aroond this they revolve. 
Axis op MonbN. The imaginary hne, around which all the parts of a bcxly revolve. 
Ballooh. Any hollow ^be. The term is generally affiled to those wldoh are made 

to ascend in the air. See Balloon in Jnaes. 
Barowxtbr. Commonly called a weather>|^aas. Bee Boronwler In jfiidlur, and p. 97. 
Boot. Bee Matter. 
BoRioNO-oLASS, OR BIiBBOR. A lens, or a mirror, by which the rays of Ugh^ and heal^ 

are brooght to a focus, so as'to set bodies on nre. 
Camb&a Obsoura. See page 151. 
Capillart Tubbs. See page 17. 

Caioptrics. That part of the science of Optics which treats of the reflectloa of Igkl 
CmiBB OP Gravxtt. See page 31. 
Cbmtrs OP MonoM. See page 32. 
CBirrRAx. FoBOBa. Those which either impel a hodj towardi^ or ftun, a eentre cf 

motion. 
C BB T KiPUfl AL. That which gives a tendency to fly fix>m a eentre. 
CsirnuFSTAX.. That which impels a body towards f centre. 
CnuiLB. A flgore, the periphery, or circumference of vrttich, la every lAt&n eqarily 

distant from tiie jpom called its centre. 
CiRouMPnnfoe. That which forms the boundary of a circle^ or any otiier flgim. 
OoaiBTS. See page 261. 
OoHBSioN. Sbb Attraotioh. 

h)0]ioavb. HoUowedout: the inner surface of .a watch-glass is eoneaive. 
'CeHVBX. Projecting, or bulging out, as the exterior surmce of a watch-glBS^ . 
(ioMB. A body somewhat resembling a sugar-loaf; tli^t is^ having a roond besoi mm 

sloping at the sides, until it terminates in a point 
MmnTMonDir. When three of the heavenly bodies are in a straight or right Una. if 

Gn talte either of the extreme bodies, the other two are in conjunctkui'wilh it: 
cense a straight line dnutvn fit>m it, might pass through the centres of both, and 
Join tliem ti^euer. 
OHwiRBLLATioi^ OR Si<m A collection of stars. See page 180. 
JenvBROBHT Rays, are those which approach each other, so as eventosBy to me et 
SkiRviuiaAR, consisting of a Hue which is not straight, as a portion of a circle. 
u-TLiMDBB. A hodr in the form of a roller, having flat circular enda^ and beinf of 
equal diameter throughout. 
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KlAjrrKmr. Not fafft tt. 

mtpKnm, TUtf 

4*«MU»i| by ft iMJO'dMl ; 111 Ihi iliiiiiiiii r ifiiBiwi mA \ m ili^ 
KtuvfuaamK, When two •rdelcs^ 
Biiirf M«, TlM two yntUidm aftkakt 
Kjktiumwmi, U ib« pnp0:nj Mocca 
If until. A futw of mttuetf m wlueb 

•r IniUr hriirmmirtt. tk^ftOi^ m 

mtthr hm. wite riimhiarkw af bqlk, by _^ 

F«rMr«, ThM pr^nt h9> whkb co a r ei ii hn rmirs mule. 

£«KML TlMrt pr#wMr whicfa sctt i^oB ft boof, eidier _ _ 

wmmfktu. AjtHftn mr«un otwmtr^ forced upward by dw 

bf gjr^ m tMutt oth«r iiMrJignlttJ afeot. 
fmmofr, Th« nibbOif of boiftMlq^eUwr, by which their 
. fkm mftf b« Ja w wii r L bat eaiuMC m ditrojgd 
fuummt. A prop. Tim ooiot oo whieb a body is lup p w l e i^ aad 

' ; oftlicM 





U4f . Any trto^i oftir ; oiUicm there are aereraL 1^ aoaoi 
wkuU, mlx«dL or eoiobbied with each other, caBed ozyfea aad 
liHid iffMMrUa Mjbatance that la not readily converted to a Bqinid k i 

Uyum, Aaphiira,orbalL 

QnA¥ifr. %n«i page 13^ and (he foOowinc. 

HkMM9nf. A c^ywblnatioB of oiuateal aoouda. Biartiumjf ie the coofaaMliaaof fen 
or iitffra •oitnfla, wh^reaa vujpd K ic one afreeable aoand. 

monnolhT\t\it fs cenerally dlvBedfaito aanaiUe, and nUamaL See pitte 9Br. 
UoumtuftAL, I<evel) not tocUned, orilopiii(. 
llroaAmjoa. H«f« pace 7b. 

llreaotTATieN. HeepafeM. ^_ ^_ 

llvpnoMimM. Antni«ruinentiiMdtoaaeertabiiheapeelfiefr«ntyoflllferBMMIa 
IItpmnmla. a p«ieiiJtar eunred flgure treated of in conic eecti nn a. It k r 
triced in thle wortt under the head of capiDary attraction. 
M AAM. The plAture of any object wlileh we percehre by reflected QghL 

MMMNTIUliUTV. Sef plfO 10. . ^. ^ 

muiMifM. Ttitf direction of a body, or rar of light apimacUnf aooOer. 

NOIINW) fuAMU. One of the ilz mechanieal powers. 

itmmA. One of the Inherent properties of matter. See page IL 

NaMNNT PNorsHTtSB. Nsceitary : caUed also eaaential properties. 

MVisiMji Uapy, Nee acoustics, ptge 109. 

Hi^TV DN. DfMlanoa front the equator, in a direct Une towards either pole. 
If^rrvM, PiKAtLNie w. LInee drawn npon the ^be, panOel to Om eqiMtar. 
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tMwtOL Okm of the meduakatl powers. See pege 38. 

LuBT. That principle, by the aid of whidi we are able to discern all visible objects. 

LoHoiTUDi. Distance meestired in degrees and minutes, either in an eastern, or a 

western direcaon, from aaj given point either on the equator, or on a parallel of 

latitude. 
LuHA. Relating to LunOf the moon. 

LrMiNOTB BoDiBs. Those which emit light firom their own substance ; as the sciB. 
Mamo LiANTaoRN, OR Lamthobn. An optical instrument. See pape 163. 
BIaombtio Elbctricitt. That science in which magnetic effects are produced by 

means of electric currents. 
l^AN&i3G Pouts of the earth ; those points of the earth near the north and aonth 

poles where the intensity of the magnetic force is greatest. 
Maohbtism . See Magnetic EUctriaty. 
KsTHBiiiTics. The science of numbers and of ejctension. Common arithmetiCi It 

a tower branch of the mathematics. 
Mattsb. Substance. Every thing which has length, breadth, and thickness. 
Kasb. The quantity of matter in a body. 

Mbcbaniob. That science which investigates tlie principles of every machine. 
Mbdium. In optics, is aav body whicli transmits uglit Air, water, glass. 
Hbmot. a succession of such single musical sound& as form a simple air or tana. 
Mbbcurt. T^at planet which is nearest the sun. Quiclcsilver. 
MBRiniAN. Mid-day. A meridian line, is one which cAtends direcUy from one polt 

of the earth to the other ; ciossing the equator at ri^t angles. 
MiOROsoo^B. See ]>age 147. 

MmuTB. In time, the sixtieth part of tax hour. In length, the sixtieth part of a degree. 
MuBjoss Polished surfoces of metal, or of glass coated with metal, for the purpoBB 

of reflecting the rays of Iwht, and the isEHiges of objects. Common kx>king-glasBe8, 

are mirrors. Those used in reflecting telescopes, sre made of metaL 
IfoMBMTOM. See page 22. 
HonoM. See page 2). 
NsAP Tedbs. bee psge 238. 
NoDBs. Those points in the orbit of the moon, or of a planet, where It croflises tha 

ecliptic or plane of tlie earth's orbit. 
NoN E1.BOTR10S. Substances which cannot be readily excited by frictl<Hi. 
Opa^itb. Not transparent; refusing a passage to the rays of light 
OvnoB. That branch of science which tresis of light, and vision. See pi^^e 1001 
OiresiTioN. When two planets are on opposite sides of the sun. 
Okbxt. The line in which a primary planet moves In its revolutfon round the sna. 
Pababola. a particular kind of curve; that which a body describes in risfaif and^ip 

falling, when thrown upward, w any direction not perpendicular to the horizon. 
Parallax. See p. 272. 

Paballblooram. a figure with four sides, having those which are opposita, irtrsBtfi 
Pabaujil Loiks. All lines which are at so equal distance finun each od^. 
PabaixbCi ov Latiivdb. See Latitude. 

Pbrihblion. That part of the orbit of a planet, which is nearest d)e sob. 
Pbndulum. A body suroended by a rod, «r Kne, so that it may vibrate, or -^^ilhiHi 
PsinjMBRA. The imperfect darkness which precedes and follows an eclifMe. 
Pbriobb. Thejpoints in which the sun and moon are nearest the «arth. 
PBRiasuoM. The point of an orbit nearest the sun. 
PkBOOsnoN. The strildng of bodies scainst each other. 

PanoD. The time required for the revolution of one of the heavenly bodies kiitiorUt 
Pbrpbhdioitlar. Making an angle of 90 degrees widi the horizon. 
Auao. The various appearances of the dislc, or foce of the moim, and of tba planelii 
FlmiURSOH. Any nattural appearance is properly so called. 
pRTSiOAL. Belonging to material nature. 
PnsieAL SomiOBs. Are Included in the term NatwnU PhUoemphy hi its moat •» 

tended sense, including Aetrfmomt/^ Heat, Electricity, Magnetism ice. 
Plambt. Those bodies which revolve round the son, in orbits nearly circular. They 

■re divided into primary y and ee^mdary ; these latter are also called salsllitea. 
PifBim Atios. That branch of natural philosophy, which treats of the atmosphere. 
PoLBS. The extremities of the axis of our earth, or of any other revolvinf sphere. 
Powbr. That force which we apply to any mechanical instrument, to enect motioa. 
Prbob^siom op trb EauiNOXBs. See page 246. 
PaisK. The instrument usually so called, is employed in optics <o decompose tl« 

solar ray : it consists of a piece of solid j^ass, several inches in length, and havtrif 
iat sides ; the eads are equal in sue, and are of course tri«agnlar« 
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rmcutcnon. That force by wtaleh mofkm is given to a bodj, bf aoaiB powBrtedll 

upoD it, independently of grarinr. 
Pttllst. Ooe of the six mechanical powers. See page 46. 
Puxr. An hydraulic, or pneumatic inatnunent, lor the pnrpoae of raiiinf trains Ab 
duAOKkST. A quarter of a circle. An instrument used to measure the elefsliaitf 

a body in degrees above the hoiison. 
Radiatiojc. The passage of liglit or heat in rays, or straight lines. 
Rainbow. An appearance in the atmosphere, occasioned br the deconnXMidOiil 

folar liglit, in its refiraction, and reflection, in passinf tluDugh drops of iwd. 
K AT. A single line of light, emitted hi one direction, from any luaunous point 
RassiVBa. Thi« name is applied to glsss vessels of varioos kinds, apperttjtmiiv to Al 

air pump, and from which the air may be ezhaosted. 
KsrmAJTiojr. See page 114. 
BanuMoniiUTT. Capacity of being refracted. light is decomposed by the ptii^ 

because its component parts are refrangible in difierent degree*. 
Rbpitlsidii. a tendency m particles of matter, to recede from each other. 
Rbtima. The internal suruce of the baclc jNurt of the eve. consisting of the ntnsfll 

the eye qireatl out in a net worlc, on which images of objects are ibrmed. 
Batblutbs. Bioons. secondary plajiets. 
ftun-DiAMBTBa. Half the diameter. In the earth, it is the distance finom its sorte% 

to its centre. 
8IDBKIAL. Belonging to stars. See Siderial Hme, p. 240. 
BioMs. or CoNSTBLLATiOMs. CoUections, or groups, of stars. Those of the sodiae ait 

twelve, corresponding with the twelve months in the year. 
AKt. That vast espanse, or space, in which the heavenly bodies are sitaated. 
0OLAft. Appertaining to, or governed by, the sun: as the solar system, the solsr year. 
SoLin. A solid body is one wliose particles do not easily move amongst each otheTi 

wliile Uouids do. 
ikmoBous BooiBS. Those bodies which are capable of vibration, so as to emit soondi. 
flraomo ORATmr. The relative weight of bodies compareil with a standard, page 631 
SvBOTBUM. The rays of light sepanoed into the seven primary colours^ ana spread 

out on a sutface. See page 141, and the following. 
Braxas. A clobe, or balL 

fltasBom. spherical; a body approaching nearly to a sphere in its figure. 
flpUMO Tmas. See page 234, ana the foUowbg. 
Stab. The fised stars are so called, because they retain their relative situations; 

while the planets, by revolving in their orbits, appear to wander an^pncst the stars. 
SvFBKFioits. The surface of any fi^ore. Space extended in length andwidth. 
ftuMOOVB. An instrument by which distant objects may be distinctly seen ; the 

imsges of objects being brought near to the eye, and greatly magnified. 
TaicFBaATB ZoNBS. . See paxe 206. 
TosBin Zom. See page 206. 
TmAxun. Mercury or Venus, are said to transit the sun, when they pass betrreen 

the earth and that luminary. They then appear like dark spots, i^on the ftee of 

the sun. 
TuAXBWAMMST. Allowing the rays of light to pass freely through. 
Tsopics. See paxe 206. 

VxbtioaXm ExacUy over our heads : ninety degrees above our horixon. 
ViBRATioH. The utemate motion of a body, forwud and backward: swingiog. 
Umdulation. a vibratory, or wave-like motion communicated to llaids. Sound is 

said to be propaxated by the undulatory, or vibratorv motion of the air. 
Wbdob. One of the mechanical powers. See page 80. 
Wrbu. AifD AxLB. One of the mechanical powers, used under various modifloa- 

tlona. Cranes for raising weights, the wheels and pinions of clocks and watches, 

windlasses, Ac. are all applications of this power. 
SoDiAO. A broad belt in the heavens, extending nearly eight degrees on each side of 

the ecliptic; the planes of the orbite of all the planets are included within this 

space. 
totm. Divisions of the earth. See lYigidi TemperatBt and TYntjcI JBrnei^ p«ge 90S. 
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